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ADVANCED 
NEW CHEVY. 


The 1988 Chevy is the first all-new full-size pickup 
introduced in this decade* And one test drive will Show 
how a truck thats new inside and out stands up to a 
truck that isnt all new. Big Chevy advantages from the 
top down: 


Chevy tops Ford in power. With a modern, fuel- 
injected Vortec V6 that gives you 15 more standard 
horsepower in the half-ton than Ford's old in-line 

6 gives you even with fuel injection. 


Chevy has a Getrag-licensed 5-speed manual 
transmission with overdrive. Ford doesnt. 


Chevy has a new double A-arm independent front 
suspension. Ford doesnt. 


Chevy has more glass area than Ford—933 more 
square inches of glass. 


Chevy's big new cab gives you more leg room, more 
shoulder room and more total room than Ford. 


Chevy has two-side-galvanized steel front, sides 
and rear—more of it than Ford. 


Chevy gives you shift-on-the-fly Insta-Irac as stan- 
dard equipment on all 4x4s. Ford still makes you 
stop, get out and change hubs. 


Chevy protects the paint with a new clear-coat finish 
you cant get from Ford. 


Chevy half-ton gives you a strong, massive new frame 
thats bigger and heavier than Fords. 


Chevy has a new all-welded cargo box with no 
exposed bolt heads to trap water and cause rust. 
Ford doesnt. 


Chevy has special indentations in the cargo box that 


let you build a platform of 2x6s across the top of the 
wheelhousings for two-tier loading. Ford doesnt. 


Feel the news behind the wheel. Test 
drive the first all-new full-size pickup introduced 
in this decade? At your Chevy dealer's. 


"Excludes other GM products 


Comparisons based on data available at time of publishing 


Les ite [ET 4 j ' Best-backed Chevys ever. 6-year/60,000-mile 
. ‘JA ' 4ı "4 ромегігап warranty protection and 6 years or 

М _ ua COMMITMENT PAN 100,000 miles of outer-body rust-through 

See your Chevy dealer for terms and protection. Solid proof of the quality built into 


conditions of the limited warranty 


every new 1988 full-size Chevy pickup 


OLD NEW 


Ford says they're new. But you'll find their 1988 
pickup doesnt have much new to talk about: taillight : 
lens, revised fuel-tank capacities, tethered fuel-filler 
cap and integral alternator/generator. 


This One 


ТТИ. 


4Z7-91K-2 


De WHAT'S NEW magazine 


Stealthy 
robot planes 


Little planes, small enough to be 
launched from the back of a truck, 
fly quietly and nearly invisibly 
over enemy lines and back. Re- 
motely piloted aircraft proved ef- 
fective during the war in Vietnam 
and the Israeli invasion of Leba- 
non. In future battles, pilotless 
planes will perform surveillance 
missions and jam signals, as well 
as guide and deliver weapons in 
skies considered too hazardous 
for humans. e 64 


Detroit for ’88 


Led by Ford and the high-tech 
Continental, the Big Three are re- 
engineering the family car with 
improvements that remain mostly 
invisible to the driver, including: 
a computer-controlled air suspen- 
sion, balance shafts for smoother 
V6s, and the first domestic four- 


valve engine. Page 82 


Optical fibers 


These ubiquitous hair-thin glass 
fibers are stirring a communica- 
tions revolution: Soon they may be 
feeding telephone calls, movies, 
music, and computer data into 


your home. Page 70 


Is there life after lead? 


Are you the owner of one of the 30 million autos, trucks, motorcycles, 
and tractors still in service that were built to run on leaded gasoline? 
Deprived of lead, some of these engines can suffer expensive internal 
damage. And leaded gas is facing oblivion in some areas. POPULAR 
Science tells you what you can do about it. Page 92 
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Even if college isn't for you, 
the G.L Bill Plus the Army College 
Fund can be. 

You can earn $17,000 for your 
Vo-Tech schooling with the Army s 
special Two-Year Enlistment. Or 
$25.200 if you serve four vears. 

Of course, how much you earn for 
your schooling depends on how long 


you serve and which specialty you qual- 


ify and enlist for. 


But you'll get a lot more out of your 


enlistment than money. You ll have a 


IF YOU W 
IT ISN'T ONLY FOR R COLLEGE 


chance to travel. To meet new people. To 
get yourself into the best physical shape 
you ve ever been in. And, you ll get the 
Army's high-tech training that can help you 
in your Vo-Tech major and your career. 
If you d like to learn more about 
how the С.І. Bill Plus the Army College 
Fund can help pay for your educa- 
tion atan accredited Vo- Tech school, 
visit your local Army Recruiter. Or 


call, toll free, 1-800-USA -ARM Y. 


ARMY. 
BE ALLYOU CAN BE. 
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E. »bject above iı bug-—a, ony micri ор shone that can be 

hidden id St mmnyw vb re. . It is but one in a sti irtling arse- 

VICES US кз today to spy on person: al enemies, Cüm- 

| pi ing c companies, and other world powers. Such devices 

рі ayed a major rol in the recent spying controversy be- 

aL the Unit ed States an d the Sovie +t Union, Мис h v was 
| 'esultant diplomatic skirmish- | 

1 TIL aid about the devices 

ther nselves, their incr -dible capahilities, 
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The big cover-up 


Whose bright idea was it to put part 
of an article’s text on the August is- 
sue's front cover when he should have 
known the address label would cover 
part of it? 

Ray Carlton, Atlanta, Ga. 


For all those subscribers who were 


thwarted in their efforts to read the 


first paragraph of August's “Bugging,” 
here it is again. A real sleuth would 
have carefully steamed away the label, 
revealing the text hidden beneath. 


We're first! 
I noticed a story in your July issue 
[ “Electronics Newsfront"] about a 
storage technology reportedly designed 
by Jim Russell called Hi-Lite card. 
Please be aware that this and other 
similar mass-storage devices have pre- 
viously been designed, built, and tested 
by International Business Machines 
Corp. at its peripheral devices labo- 
ratory in San Jose, Calif. Russell is 
far from the “inventor.” 
Furthermore, our affiliate, Wat- 
chung Research, has been granted a 
license to build and sell an optical- 
tape system designed by computer sci- 
entist Jack A. Shulman. His optical- 
tape device, known as CLS (for Com- 
pact Linear Storage system), can not 
only store 100 terabytes of computer 


Address letters for this column to: Readers Talk Back, Рори: AR 


SciENCE, 380 Madison Ave., New York, N.Y. 10017. We are 
unable to acknowledge unpublished letters. 


4 | POPULAR SCIENCE 


- ue | 


Readers Talk Back 


data but will also accept and store 
thousands of hours of write-once, read- 
multiple video in full color with audio 
—even in advanced high-resolution 
video formats. At this time we are the 
exclusive licensee of this technology, 
and while we are aware that Russell 
had limited access to Shulman's op- 
tical-tape concepts during 1986, we are 
aware of no plan by Shulman to grant 
a license in any dominion to Jim Rus- 
sell or his backers. 
James L. Stoufer, President 
Osyrus Research, Westfield, N.J. 


Keep 'em rollin’ 


Thanks for “6 Steps to Keep Garage 
Doors Rolling" in your April issue—it 
was of interest and value to the home- 
owner. But why the slap at door man- 
ufacturers that “omit lubrication tips 
from owner's manuals"? An owner's 
maintenance guide is available to all 
manufacturers; readers who want a 


| copy should write: Garage Door Coun- 


cil, Suite 201 Park Place, 655 Irving 

Park, Chicago, Ill. 60613. This, as well 

as tags attached to doors, tells the 
buyer to lubricate. 

Keith W. Martin 

Martin Door Mfg. Inc. 

Salt Lake City, Utah 


Electrifying trend 


The remarkable progress toward room- 
temperature superconductors [“Super- 
conductor Frenzy," July], as exciting 
as it is for physicists, will also have a 
large impact on industry. The trend 
toward increased use of electrotechno- 
logies has been going on unabated for 
decades. In fact, our research reveals 
that every sector of U.S. manufactur- 
ing has reduced the overall amount 
of energy used per unit of product 
made while increasing the amount of 
electricity used— whether it be per 
pound of steel, yard of fabric, barrel 
of oil, or pound of macaroni. Practical 
superconductors can only accelerate 
the electrification trend toward en- 
hanced productivity and flexibility in 
the manufacturing sector, and that's 
good news for the future of the U.S. 

economy. 
C. C. Burwell, research engineer 
Oak Ridge Associated Universities 
Oak Ridge, Tenn. 
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TO OUR SIMPLE SUPER SAVER. 


participating locations nationwide. Then prepay your first night 
at cach location no later than 14 days after making your res- 
ervation. Thats it. You can even cancel up to 15 days in 

advance of arrival date with no penalty. But hurry, 

because Simple Super Saver rooms are limited. 


At Days Inn* hotels you always get a great room at a great 


AMERICA’S WAKING UP TOUS. 


price, but with Simple Super Saver, the price is 20 to 60% 
for 1-4 people. So call 1-800-325-2525 today and ask for 
Call 1-800-325-2525 for reservations and a free Days Inn directory. 


less and its available every day. No weekend or holiday 
Just call our toll-free number and reserve your the Simple Super Saver. And wake up to our 
Reservations must be made by March 1, 1988 and are available to all callers in the U.S. and Canada. These rates are guaranteed for lodging used before April 1, 1988. Cancellations 14 days or less before arrival result in forfeiture of entire 


restrictions like other hotel programs. No hassles. 
room at least 29 days in advance at any of our simple way to save money. 
deposit. Changes in reservations must be made at least 29 days prior to your first nights arrival at each location. Offer not valid with other discounts or group bookings. 


superconductors “mass hysteria.” That 
same mass hysteria kindled by the 


| 1977 energy crunch saddled the North- 


west with a $15-billion debt for five 
nuclear power plants, only one of them 
complete and occasionally working. Its 
product costs around 10 cents per kilo- 
watt-hour, 20 times more than abun- 
dant hydropower here. New things are 
sometimes better, but rarely cheaper. 
Often they are no better, but much 
more expensive. Let’s not forget this 
in the superconducting hysteria. 
Fred Dalter, Cottage Grove, Ore. 


The eyes decide it 


The item on laser TV [“Electronics 
Newsfront,” Aug.] evoked a memory 
of a mid-'60s GTE company picnic in 
Bayside, N.Y., where I saw a demon- 
stration of a full-color laser projection 
television. Using then state-of-the-art 
technology, the engineers had a work- 
ing model that used colored lasers and 
a polygon mirror that literally "threw" 
the modulated beams onto the projec- 
tion surface. In addition to suffering 
from some of the same problems that 
the Sandhaus version does—enormous 
cost and power consumption—the GTE 
unit demonstrated something your ar- 
ticle failed to mention: Laser projec- 


| tions are annoying to look at, due to 


the monochromaticity and coherence 

of the light source. The full-color pic- 

ture sparkled with a unique brilliance, 

but after a few minutes I could not 
watch the picture anymore. 

Michael Salemi 

Farmington Hills, Mich. 


Gas-saver disclaimer 


I recently read an ad for a device 
called the Platinum GaSaver, which 


is supposed to increase fuel mileage | 


by up to 22 percent. Have you tested 
it, or do you intend to? 
Marvin S. Hahn, Waco, Texas 


No, we haven't tested the Platinum 


Readers Talk Back с 


couldnt help predicting that at least 
one feature of this future design will 
never make it to the showroom floor: 
the steering-wheel replacement. In 
the 20-plus years that I have been a 
POPULAR SCIENCE subscriber, I remem- 
ber seeing many such oddly shaped 
“improvements,” both in these pages 
and elsewhere. And yet the safer, more 
practical steering wheel survives in 
production automobiles pretty much 
intact, every time. Either the auto 
makers are still intent on improving 
the steering wheel or they are so style- 
conscious that they just can't bear to 
put something ordinary looking into 
their dream depictions. 

Glenn Koenig, Arlington, Mass. 


Pontiac engineers note that the steer- 
by-wire system allows the extreme, 
variable steering-ratio changes that 
make the yoke-style steering wheel pos- 
sible (as in an F-16 fighter). But cus- 
tomer reaction will ultimately deter- 
mine whether such a steering wheel is 
actually produced.—Tom Wilkinson 


Bulb-saver brown out 
Your May article “Light-Bulb Savers: 


Not a Bright Idea" leaves the impres- | 


sion that all light-bulb savers are the 
same. They are not. The disc-shaped 
light-bulb savers that I purchased con- 
tain a thermistor that limits the bulb- 
killing initial surge of current through 
the cold bulb, but as it warms up, lets 
full current through the bulb. I have 
only encountered two problems with 
these light-bulb savers: Some sockets 


| are too shallow to contain the disc 


under the bulb. And in a cold loca- 


GaSaver. Nor has the Environmental | 


Protection Agency, which runs a pro- 
gram that tests such devices. But gen- 
erally, the EPA has found that fuel- 
saving devices almost never work as 
well as their makers claim. For a list 
of EPA evaluations of more than 100 
fuel-saving devices, write: EPA, Test 
and Evaluation Branch, 2565 Plym- 
outh Rd., Ann Arbor, Mich. 48105. 


— Tom Wilkinson 


| Ode to the steering wheel 


Looking at the picture of Pontiac's 
show car [“Ноё Pursuit," Aug.], I 
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tion the bulb can be slow in coming | 


up to full brightness. 
Lowell Ray Anderson, Cody, Wyo. 


Alexander E. Emanuel replies: “Since 
the thermistor has a negative temper- 
ature coefficient (the hotter it gets, the 
lower its electrical resistance), it does 
minimize the electrical surge. Never- 
theless, the thermistor always offers 
some resistance, slightly reducing the 
bulb’s voltage—and therefore the illu- 
mination provided.” 


The yolk’s on us 


If Mazda Motor Corp. ends up with 
egg on its face in the four-wheel-steer- 
ing fight [Aug.], it’s probably from the 
“control yolk that holds the pivot end 
of the control rod.” Its engineers 
should take a tip from ox-cart design- 
ers and use a sturdy yoke—it should 
be more adequate for this job. 

Minot Ring, Wilton, N.H. 
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THE BRYANT PLUS 90 GAS FURNACE. 
MADE FOR PEOPLE 
” WHO LIKE LONG, HAPPY RELATIONSHIPS. ` 


When you live with a Bryant Plus 90™ 
gas turnace you can expect two things. 


A houseful of warmth. And savings | | 

every month. | 
The Plus 90 keeps — costs down 

by using gas much more efficiently 21 


than conventional furnaces. 

And it’s so ruggedly built, it will deliver Р, 
the special comfort of gas heat quietly Ф 
and smoothly for а long, long time. : 

To enjoy a warm relationship that's 
sure to last, call 800-HOT-SALE tor the 
name of your Bryant dealer. 

Then ask your dealer about his 
special deal on the Plus 90 that puts 
the icing on the cake. 


Long life runs in the family. 


| _& For comfort you 
| | 69 can afford, choose gas— 
` America’s favorite way to heat. 


Science Newsfront 


By ARTHUR FISHER 
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| Е айы ы... dedil 
Ultra-high-speed photo shows William 
Tell method of making applesauce. A 


Instant photography 


Harold E. Edgerton will be forever re- 
membered as the man who stopped 
time through his invention of the ul- 
trafast flash lamp. His pictures of 
events once invisible revolutionized 
the art and science of photography, and 
led to applications as diverse as un- 
derwater exploration and aerial recon- 
naissance. Perhaps most important, 
they provided an insight into the phys- 
ical world—dramatic and even shock- 
ing—that had been previously with- 
held from man's prying eyes. 

One example is the 1964 photo that 
appears above, left. It revealed just 
what happens when a .30-caliber bul- 
let traveling at 2,800 feet per second 
hits an apple—or some other rela- 
tively soft object. Edgerton froze the 
action with a burst from his Micro- 
flash unit lasting about a microsecond 
—one millionth of a second. 

The story of this remarkable man 
and his accomplishments is now avail- 
able in a new book, published by Harry 
N. Abrams, Inc., called Stopping Time. 
With 124 amazing photos (22 in color), 
it supplies convincing documentation 
of one of this century's true scientific 
revolutions. 

And the revolution continues. See, 
for example, the photo above, right. 
It, too, freezes the violence resulting 
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.30-caliber bullet traveling 2,800 ft./sec. 
is caught with a microsecond flash. 


from a bullet's passage. But this time 
the exposure is some 100 times shorter 
— 10 nanoseconds (billionths of a sec- 
ond). Called "Shocktail," the image 
was made this year by Kevin J. Baum- 
ber. He used a 10-joule pulsed ruby 
laser that emitted ultrashort bursts 
of light. The image appeared in an ex- 
hibition called "The Holographic In- 
stant" last April at the Museum of 
Holography in New York City. 


Toward a high-tech army 


The U.S. Army had better look to its 
laurels if it wants to stay modern. 
That's the brunt of a report by the Na- 
tional Research Council after a two- 


year study sponsored by the Army. It | 


states that Army researchers may be 
overlooking major developments in 


materials research that could prove | 
vital to U.S. technological superiority | 


in weapons systems. The solution: bet- 
ter cooperation with industry and ac- 
ademia, instead of heavy reliance on 
in-house research and development. 
Among emerging technologies that 
the Army needs to pay more atten- 
tion to, according to the report: *pow- 
der metallurgy for producing light- 
weight aluminum alloys that resist 
high temperatures; fiber-reinforced ce- 
ramic composites for advanced engine 
parts, gun tubes, and armored com- 


This modern smashing image was made 
with a pulsed ruby laser hologram. 


bat vehicles; gallium arsenide semi- 
conductors for high-speed transistors 
and integrated circuits; and organic 
polymers for use in surveillance and 
communications.” 

The council also urges that the Ar- 
my focus on entire weapons systems 
rather than on individual components 
and single characteristics. The penalty 
for not doing so can be heavy. For ex- 
ample, the Army chose a tread mate- 
rial for the M1 tank tracks because it 
was lightweight, without considering 
its other qualities. But the new tread 
showed poor wear characteristics in 
field tests and had to be replaced. 

The National Research Council 18 
the principal operating agency of the 
National Academy of Sciences and the 
National Academy of Engineering. 


Superconducting wire 


The U.S. Department of Energy has 
assigned the Argonne National Labo- 
ratory, in Argonne, Ш., the chief re- 
sponsibility for developing a practical 
wire from the rapidly proliferating 


| number of “high-temperature” super- 


conducting ceramic materials recently 
discovered |“Superconductor Frenzy," 
July|. The aim is to produce a com- 
mercially usable wire that will become 
superconducting at liquid-nitrogen 

Continued 
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After 9 years of advancing 


the science of radar warning, 


we have quite a following 


i; imitation is the sincerest form of flattery, 
then Escort and Passport are easily the world's 
most admired radar detectors. 

And if imitation were the same as duplica- 
tion, then there would be other equally capable 
detectors. Occasionally you hear of imitations 
“just as good as” Escort and Passport, usually 
from someone trying to sell you something 


cheaper. 
The experts are unanimous 


No matter what anybody says, there is, in 
fact, no detector on the market that's “just as 
good as” Escort and Passport. And you needn't 
take our word for it. In 1987, three respected 
magazines have published comparison tests of 
radar detectors. 

What Car and Driver says 

In April, Car and Driver rated Passport high- 
est of nine miniature models, saying, “At $295 
direct from the factory, it's the most expensive 
piece of electronic protection in the group, but it's 
worth every nickel in roadgoing peace of mind: 

What Roundel says 

In June, Roundel ranked Passport and 
Escort first and second respectively in a com- 
parison of 14 detectors. About Passport the 
author said, "It remains the State of the Art, 
a true quality product, American ingenuity at 
its best Regarding Escort, "It is an excellent 
detector in its own right and continues as a 
pacesetter in the detector market! 

What Popular Mechanics says 

In July, Popular Mechanics rated Escort 
first and Passport second in a group of 11 brands. 
The magazine concluded, "Clearly, the Escort is 
the best radar detector around. The best of the 
minis was the Passport..." 


In every 1987 magazine test of radar detectors, Escort and 
Passport have been rated highest. See for yourself. For complete 
copies of the tests (not excerpts or selected quotes), showing 
ranking of all brands, just call us toll free. 
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99 THINGS THAT AMERICANS MAKE BEST 


66All of these widely available U.S.-made 
goods...are clearly superior to their overseas com- 
petitors, overwhelmingly dominate their markets 


We sell direct to our customers only. Orders 
in by 3:00 pm eastern time go out the same day 
by UPS, and we pay for shipping. Overnight 
delivery is guaranteed by Federal Express for 
only $10 extra. 

Satisfaction guaranteed 

If you're not entirely satisfied within 30 
days, return your purchase. We'll refund all of 
your money and your shipping costs. 

For the only radar detectors "just as good 
as" Escort and Passport, please call toll free. 


or are so outstanding or novel that they have 
no well-known international counterpart.99 

Escort and Passport are the only radar 
detectors to make the list. 


What we say 

Escort and Passport stay at the top of the 
experts' ratings year after year because, by 
definition, the imitators are always behind. Our 
engineers work constantly to lengthen detection 
range, and when they make a breakthrough, we 
rush that improvement into production. 

Still, early warning means nothing if the 
warning is false. That's why—a year ago—we 
added Alternating Frequency Rejection (AFR™) 
circuitry, designed specifically to ignore the 
Rashid VRSS collision warning system. 

Said Car and Driver, “While other makers 
have spent their energy on funny features or 
zoomy styling, CM has found a way to improve 
function in a quiet and systematic way. Such 
innovation is the mark of a leader, and we ap- 
plaud Cincinnati Microwave for its eagerness to 
head off problems before they become problems: 

Our anti-Rashid circuitry demonstrates our 
commitment to the highest radar warning tech- 
nology. We think the fact that the imitators 
dont have it demonstrates their commitment too. 

Right here in Cincinnati 

Our attitude is unique in another way. We 
keep all of our engineering, assembly, sales, 
and service in one location so that we can 
respond quickly to our customers. If you have 
questions, need service, or want to order, just 
call toll free. 


Order Today 


TOLL FREE...800-543-1608 
(Mon-Fri 8am-Lipm, Sat-Sun 9:30-6 EST) 


By mail send to address below. All orders 
processed immediately. Prices slightly 
higher for Canadian shipments. 


PASSPORT 
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Pocket-Size Radar Protection $295 
(Ohio res. add $16.23 tax) 


ESCORT 


| EINE 
ЧАПАН УА ШЇ ING REC EIVER 


The Classic of Radar Warning $245 
(Ohio Res. add $13.48 tax) 


Cincinnati Microwave 


р Department 61607 


One Microwave Plaza 
Cincinnati, Ohio 45249-9965 


© 1987 Cincinnati Microwave, Inc. 


FORD RANGER...FUN WITH 
ALL THE TRIMMINGS. 


GEAR UP FOR FUN AND 
VALUE IN THE ‘88 FORD 
RANGER. THE XLT 
SPECIAL VALUE PACKAGE 
DELIVERS THE FUN WITH 
FUEL INJECTION, AM/FM 
STEREO CASSETTE, 
POWER STEERING... 
AND MORE! 

Ford really knows 
you place value on fun. 
That's why the '88 
Ranger XLT is packed 
with so many popular 


features at such a 
popular price. From 
EFI engine to AM/FM 
stereo cassette, Hanger 
sounds like great fun— 
and is! 

All that will look 
even better too, when 
you take a good look at 
the sporty Ranger XLT 
trim package. It'll really 
turn heads! 

RELAX IN COMFORT. 
Rangers as big on 
comfort as it is on fun. 

This wide and hand- 


some cab is a big plus 
for a small pickup. 
Need a bigger plus? 
Then sport around 

in a roomy Ranger 
SuperCab. 
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PEAK PERFORMANCE. 
For real spunk and + 
spirit, Ford packed EFI 
Power into Ranger XLT. 
You'll have the world 1 
at your feet with the 
quick response and 
smooth performance 
of XLT's multiple-port ' 
electronic fuel injec- 
tion. Just one more 


EA 


reason wae — 
the fun-to-drive 

small pickup. And 
Ranger XLT can even 
muscle up a husky 2.9L 
EFI V-6 if you need it. 
Thats 140 horses. 


SMOOTH RIDER. 

When you're out 
there having fun, beat 
those bumps with 
Ranger's Independent 
Front Suspension. Two- 
wheel drive or four- 
wheel, it's Ford Ranger 
for that smooth ride. 
6/60 WARRANTY. 

Covers powertrain 
for 6 years/60,000 miles, 
body panel rust- 
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STX—2.9L EFI V-6 


| XLT/Custom-2.3L EFI, 


2.9L EFI V-6 Optional 
S-Model-2.0L 
5-Speed Manual O/D 
Automatic O/D Optional 
RANGER PAYLOADS 
1205-1625 Ibs. 


MAJOR XLT 
STANDARD EQUIPMENT 
Power Steering 
Power Brakes 
AM/FM Stereo Cassette 
P215 Radial Tires 
Interval Wipers 

..and more! 


RANGER XLT CABS 


Regular—Seats 3 


SuperCab-Seats 5 
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"— for 6 meat; 
100,000 miles. 
Restrictions and 
deductible apply.* 
LIFETIME SERVICE 
GUARANTEE. 
Participating dealers 
back their customer- 
paid work with a free 
Lifetime Service 
Guarantee, good for 
as long as you own 
your vehicle.* 


* Ask your Ford Dealer for copies 
of these limited warranties. 


Mee 28 
COE, 


Based on an average 
of owner-reported 
problems in a series 
of surveys of 81-87 
models designed 
and built in North 
America. At Ford, 
"Quality is Job 1” 


BUILT FUN TOUGH 


Science Newsfront .......... 


temperature—77 degrees Kelvin, or 
— 321 degrees F. 

"À wire to meet our goals might be 
about one-seventh of an inch thick and 
be able to carry about a hundred amps 
of current when cooled by liquid ni- 
trogen,” says Argonne’s Frank Fradin. 
"It must also be reasonably flexible. 
A wire with those properties would 
make transmission lines economical." 

The program will be carried out in 
cooperation with Brookhaven National 


Laboratory in New York and Ames | 


Laboratory in Iowa. It is funded by 
the Department of Energy's Office of 
Basic Energy Sciences. Argonne Na- 
tional Laboratory is operated by the 
University of Chicago for the DOE. 


Self-correcting laser 


One of the elements in the controver- 
sial Strategic Defense Initiative is a 
laser battle station that would rely on 
| mirrors to direct destructive laser 
beams at enemy ballistic missiles. Per- 
fecting such mirrors and ensuring that 

the laser beam is not degraded presents 
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Lockheed staff tests prototype segmented mirror for SDI laser weapon. 


a, 
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a severe technical challenge, now being 
addressed by the Large Optics Dem- 
onstration Experiment at Lockheed 
Missiles & Space Co., Inc. 

In the photo above, LODE's primary 
mirror is dotted with 92 holographic 
optical elements called Hartman grat- 
ings. The mirror itself is segmented, 
with each quadrant deformable in re- 
sponse to information about the qual- 
ity of the beam. The information is gen- 
erated by passing five percent of the 
laser's output through the gratings; a 
wave-front sensor in a secondary mir- 
ror examines the diffraction pattern 


| created by the 92 spots. The results per- 


mit Lockheed scientists to operate a 
complex beam control system to cor- 
rect any beam aberrations. 

LODE is managed by the U.S. Air 
Force Weapons Laboratory at Kirtland 
Air Force Base in New Mexico. 


Pluto recovers status 


Is Pluto, the oddball of the solar sys- 
tem, merely an asteroid masquerad- 
ing as a planet, as some astronomers 


| biting satellite. 


| have suggested? The basis for this con- | 


descending view is Pluto's small size 
and odd orbit—elliptical and highly 
еа —uncharacteristic of a real plan- 
et. Indeed, its orbit is so eccentric that 
it actually crosses that of its nearest 
neighbor, Neptune. Pluto has been in- 
side Neptune's orbit since 1980 and 
will not resume its ninth-place posi- 
tion until 1999. Moreover, it is the only 
solid-surfaced (presumably ice and 
rock) member of the outer planets. The 
rest are giant spheres of gas. 

Recent evidence, however, indicates 
that Pluto's demotion is probably pre- 
mature. Astronomers from the Jet | 
Propulsion Laboratory and University | 
of Arizona report that, based on obser- 
servations with the Infrared Astronom- 
ical Satellite and extensive observa- 
tions through Earth-based telescopes 
over the last three years, Pluto has a | 


| significant methane atmosphere. That 


would make it very different from an 


| asteroid or one of the ice-bound moons 


of Jupiter or Saturn. Previous stud- 
ies had found evidence of a thin meth- 
ane atmosphere on Pluto. But the new 
data, which are primarily temperature 
measurements, show an atmosphere 
that must be far thicker than pre- 
viously thought. 


It's raining electrons 
"It's intriguing. The practical impli- 


| cations for the US. space program, at- 


mospheric, astrophysics, and other 


| research are fascinating." 


The speaker is Dan Baker of the Los 
Alamos National Laboratory's Earth 
and Space Sciences Division. And the 
newly discovered phenomenon he is 
musing about is a population of high- 
energy electrons, previously unsus- 
pected, that showers Earth from space 


| every 27 days. The particles have en- 
| ergies ranging from 2 to 15 million | 
| electron-volts, enough, says one re- | 
| searcher, "to send them smashing sev- 


eral inches deep into aluminum." 

The showers were first detected by | 
the lab's Spectrometer for Energetic 
Electrons instrument aboard an or- | 
Each shower lasts | 
an average of 2, days, penetrating 
Earth's mesosphere and stratosphere | 
to within 25 to 37 miles of the sur- 
face. They may be at least partly re- 
sponsible for the worrisome hole in the | 
atmospheric ozone layer above Antarc- | 
tica, and even for the mysterious loss | 
of several critical spacecraft instru- 


| ments from 1983 to 1985, including the 


major failure of the GOES-5 satellite. 

Theorists believe the source of the 
electron bath is either Jupiter or the 
sun, or both in combination. 25] 
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Automotive 


By DAN McCOSH Detroit Editor 


Toyota’s new Corolla, more refined 
than today’s version, features a new 
subframe and suspension. 


Curvy Corolla 


A new, more refined Toyota Corolla, 
marginally larger than the old model, 
is off to a running start with a sum- 
mer launch in Japan before coming 
to the U.S. this fall. 
Unique to Japan, at least for now, 
is a 143-horsepower supercharged 16- 
| valve 1.6-liter engine for the Corolla 
coupe. Transplanted from the mid- 
engine MR2, it makes the Corolla one 
of the few production cars anywhere 
to feature belt-driven supercharging 
to enhance power, rather than exhaust- 
| gas-driven turbocharging. It’s rumored 
that the supercharged four will appear 
in the U.S. version of the 1988 MR2. 
By 1989, there will be several other 
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| Baby boomers will like this new BMW wagon. No plans for U.S. sale yet. 


ews 


supercharged cars in the 
U.S., including the new 
Ford Thunderbird [“Ѕирег- 
charging Is Back,” Jan.]. 

Corolla s |U.S.-bound 
power plant, however, will 
be a new 1.5-liter 16-valve 
four-cylinder. This four- 
valve motor for the masses 
is modeled on the present 
Camry engine. 


Japanese version of Corolla gets a supercharged 


engine that will go into the MR2 in the U.S. 


Bimmer baby buggy 


BMW appears to be going after the 
baby boomer's babies with a 3-series- 
based station wagon that's just the 
thing for hauling precious cargo. With 
a 171-horsepower 2.5-liter in-line six- 
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cylinder engine, the new wagon should 
get to the grocery store in record | 
time. A four-wheel-drive version is | 
also under consideration. | 


Luxo-tech? 


While the 1988 Cadillacs are mark- 
edly improved with the addition of a 
new 4.5-liter V8, Cadillac engineers 
are quietly worried about regaining 
the world standard of excellence the 
General Motors Corp. luxury marque 
enjoyed in the past; hence a new look 
at Cadillac engines, which have 
ranged from huge V16s to 500-cubic- | 
inch V8s to the undersized V8s of 
today. 

Now comes a resurgence of interest 
in a V12 assembled from two V6 
blocks—a layout that could even in- 

Continued 
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clude a center power takeoff to accom- 
modate front-wheel drive. 

It’s only one of several options Cad- 
illac is studying, according to insid- 
ers. A V12 has been proposed several 
times in recent years but was shelved 
because of fuel-economy considera- 
tions. Another major drawback is that 
the length of a V12 engine seems to 
dictate a front-engine, rear-drive 
sedan, while at the moment all future 


Cadillacs are set to get front-wheel | 


drive. 


But Daimler-Benz and BMW, Cad- | 


illac’s chief foreign competition, are 
working on V12s. Both are in rear- 


drive cars, and both engines are as- 


GAS ENGINE] _ 5 T 


DRAWING BY RUSSELL VON SAUERS 


One problem remaining, however, is 
that even when the glass becomes 
opaque, in its present form it doesn't 
cut off infrared radiation. This leaves 
the heat-buildup problem unsolved. 


Gas/electric drive 


In one of the first applications of | 


hybrid-drive technology, Volkswagen 


AG has developed an experimental car | 


powered by a combination gasoline 
engine and electric drive [“Gasoline/ 
Electric Sports Car,” Aug. '86]. The 
project was a joint venture with Rob- 
ert Bosch GmbH in Germany and a 
Swiss electric-equipment company. 


BATTERY 


MANUAL TRANSAXLE 


| CLUTCH 


ALTERNATOR-MOTOR | p= 


A combined alternator and motor lets VW use electric power around town. 


sembled from two in-line six-cylinder 
blocks sharing a common crankcase. 


Through the glass darkly 


General Motors Corp.’s futuristic cars | 


inevitably have some kind of bubble 
top, a feature that causes apoplexy 
among engineers struggling to make 
air conditioning work. Now GM claims 
you can see through a glass darkly as 
well as brightly via new liquid-crystal 
technology that can make windows 


| opaque electronically. 


The technique involves dispersing 
liquid crystal droplets in a polymer. 
The film then can be switched elec- 
trically from an opaque off-state to a 
highly transparent on-state. 

Although the basic technology using 
liquid crystal in an epoxy base has 
been around for several years, GM now 
claims to have modified the base for 


such films, allowing it to cure in ul- | 


traviolet light. The process, called 


Varilux, allows lower manufacturing | 


costs and brings such films closer to 
the market. 
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The system has a combination al- 
ternator and eight-horsepower electric 
motor fitted between the transverse 
engine and its conventional transaxle. 
In city driving, the gas engine is au- 
tomatically shut down and electric 
power takes over, enabling the car to 
cruise at speeds up to 30 mph. For ac- 
celeration and highway cruising, the 
gas engine is restarted. A regenera- 
tive braking system helps the gas- 
powered alternator keep the batteries 
charged. 


VW claims overall efficiency im- 


provements of about 35 percent com- 
pared with the current Golf, with a 


59-percent improvement in city traffic. 
| which will compete in the Ferrari 


Nissan four-wheel steering 


Nissan Motor Co.'s four-wheel-steering 
system adds a new twist not found on 
the Honda and Mazda systems. De- 


signed to improve control during lane- | 


change maneuvers, the Nissan system 
uses hydraulic controls to steer the 
rear wheels in the same direction as 
the fronts. But just as the steering 


movement starts, the system gives the 
back wheels a quick twitch in the 
opposite direction. 

` The idea is to improve steering feel 
on-center, a problem PoPULAR SCIENCE 
testers noted with the Honda system 
more than with Mazda's. 

Another wrinkle is that the Nissan 
system doesn't provide rear steering 
at low speeds. Nissan says steering the | 
rear wheels to enhance maneuverabil- | 
ity is confusing to the drivers, though | 
PS staffers found both the Honda and | 
Mazda systems easy to adapt to. 


In Lotus land 


Lotus Group, a company that consid- 
ers building 1,500 cars a good year’s 
work, would be virtually invisible in 
the giant U.S. market save for the fact 
that it’s been churning out more new 
engineering developments than most 


| companies 10 times its size. 


Owned by General Motors Corp. but 


| operating as an independent engineer- | 


ing-consulting and manufacturing 
company, Lotus now says it will have 
a "supercar" on the market by 1991. 
It will likely be the first production 
car to have a fully active suspension 
system [“No-Springs, No-Shocks Sus- 
pension," July '86]. 

Active suspension replaces conven- 
tional springs with high-pressure hy- 
draulic rams. These are commanded 


| by a computer that senses bumps and 


corners, and actively moves the wheels 
in response. 

Michael Kimberley, Lotus manag- 
ing director, recently told me that 


| many of the rough edges of the origi- 


nal system have been smoothed out. 
Fine-tuning and shorter feedback 
loops have increased response time— | 
one early problem. And Moog Corp., | 
working on the high-speed hydraulic | 
valves necessary for controlling the 
system, now feels the valves can be 
produced for about $35, rather than 
the $1,500 apiece they cost in the orig- 
inal system, he says. 

"You simply won't be able to com- 
pete in the luxury market after 1995 
without active suspension," predicts 
Kimberley. 

The new Lotus luxury supercar, 


and Lamborghini class, will not only 
have active suspension but four-wheel 
drive and four-wheel steering as well. 
“Tt will be designed literally in terms 
of its electronics," says Kimberley. 
The electronic systems will dictate 
the car's structure rather than being 
added to a preconceived design. Ms! 


Contributors: Kevin Radley (Japan), David Scott 
(Europe), Tom Wilkinson (New York) 
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amm г expert system is like borrowing someone else's 
га / experience and expertise on a given subject. 
UNDERSTANDING COMPUTERS by TIME-LIFE к= 
/ f is exactly that, an expert system on the subject of 
computers. 

Irs not software based, so it can't crash. And since it's not 
machine-specific, it wont become outdated easily, which means 
youll find it an invaluable, long-lived reference whether you have 
an IBM®PC, an Apple lle*, a multimillion dollar Cray$, or no 
computer at all right now. 


A BRAND NEW SERIES THAT PRESENTS COMPUTERS 
IN AWHOLE NEW WAY. 


UNDERSTANDING COMPUTERS is a new series of books that 
presents computers in a unique, broad-based way, unlike any other 
computer book you've ever seen. lt 
gets "under the hood,” right down 
to the nuts and bolts of computers 
to explain what you need to know 
about them in plain English. 

The first volume, Computer Basics, 
unwraps the mystery of writing 


al record, sound is 
pits and spaces, 


On a di 
carried 
which are read by a laser beam. binary code.. the concept of logic 


gates... how chips are designed... how а light pen works for 
graphic effects...the sequence of events in a computer from the 
first clock pulse to the last. And much, much more. 

Succeeding volumes cover Software. Input/ 
Output. Graphics. Networking. The entire gamut of 
computer topics. 


EVERY IMPORTANT CONCEPT IS ILLUSTRATED 
TO HELP ASSURE YOU UNDERSTAND. 


Not only does UNDERSTANDING 
COMPUTERS give you all the 
computer background you 

want that you wont find 
elsewhere, it also shows you 


what its all about. Full-color illustrations help make every concept 


crystal clear. And glossaries of terms help ensure your understand- 


ing. Each volume is a big 91⁄4" х 11 '&" hardcover book with 
approximately 128 pages. 


FREE 10 DAY EXAMINATION. 
NO OBLIGATION. 


Begin to expand your computer know-how - 
now by examining Computer Basics for 10 
days free. Keep it and pay only $1499 
($1899 in Canada), plus shipping and 
handling. Then you can continue to receive 
other volumes every other month, always 
with a 10-day free trial. Keep only the books you want. 
And you can cancel any time. Or return Computer Basics and 
owe nothing. 

Return the coupon today, and start to bridge the gap from 


How a transistor 
operates as a switch. 


. computer buff to computer expert 


IBM is a registered trademark of International Business Mochines Corporation. Apple lle is a registered 
trademark ol Apple Computer, Inc. Cray is û registered trademork ol Cray Research, Inc. 
© 1987 Time-Life Books, Inc, Richmond, VA 
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Richmond, VA 23261-2066 


YES! Send me Computer Basics, as my introduction to the 
shell-based expert system, UNDERSTANDING COMPUTERS. 
| agree to the terms outlined in this ad. 


: DICCF9 
Name 
Address —__ — 
City T | МЕ 
Stote ог Zip or 


Province —_ Postal Code 
All orders subject to opproval. Price subject ro change. 


UNDERSTANDING COMPUTERS 
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By WILLIAM J. HAWKINS 
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Newsfront | 


You'll need glasses: 3-D video information is split into magenta and green Screens. 


3-D maker 


| "I watched a flock of geese winging 


across the screen against a distant 
lake-shore background," reports Euro- 
pean Editor David Scott from the Ge- 
neva Inventors Exhibition. "It was 
convincing, and so was an in-depth zoo 
scene with a giant panda confronting 
a crowd of watchers outside the steel 
enclosure." 

Scott was watching a special three- 
dimensional TV. Unlike past prototype 
systems that require 3-D video mate- 
rial and LCD glasses, this version uses 
clever electronics and two-color spec- 


ERI C- 
I 2 
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tacles to produce a synthesized 3-D 
image from an ordinary video signal. 
The system was devised by Li Chang 
of the Civil Aviation Institute of China 
in Tianjin. Says Scott: “It converts 
the 2-D screen into an eye-fooling 
3-D one by creating a theoretical sad- 
dle-shaped projection surface [see 
drawing on page 22]. The surface 
slopes forward through the flat plane 
of the normal screen to lie on both 
sides of it, and represents an array of 
visual focal points that extends from 
the background, or top, of a picture to 
the foreground, or bottom.” 
Chang does this by distorting both 


| Zenith’s CRT (left) has a non-glare surface. Standard monitor is shown at right. 


the horizontal line scan and the ver- 
tical field signals that form the TV 
image. Delay circuits alter the usual 
linear scan across the screen to a non- 
linear rate. That bows the projection 
surface in its horizontal dimension. 
The field signal is similarly processed 
for the vertical, or forward, bend, and 
the resultant fine-line, double-curva- 
ture grid displays the video signal. 
“For stereo effects, the horizontally 
scanned picture is split sideways by 
doubling the synch pulse,” says Scott. 
“That gives separate left- and right- 
eye images. These are respectively car- 
ried by the red-blue and the green 
color inputs to the picture tube.” The 
first two colors combine as magenta, 
a purplish shade of red, and are used 
for the left spectacle filter. Green is | 
used for the right one. Result: “It may 
be all in the mind,” says Scott, "but I | 
found this Chinese stereo TV very 
realistic.” 


Stretching to make it work 


“Finally, computer users can view a 
display that truly matches a printed 
page or even a quality photograph,” 
says Robert Dilworth, president of Ze- 
nith Data Systems. 

Zenith’s new computer display is the 
first to use the company’s flat tension 
mask tube [“Flat-Face Tubes,” Aug. 
'86]. The internal mask, designed to 
guide the electron beam to the cor- | 
rect phosphor dot on the screen, is 
stretched tightly to eliminate the shift- 
ing (from heat) that occurs on a con- 
ventional rounded mask. That differ- 
ence results in a tube with 50 percent 
more brightness, 70 percent greater 
contrast, and 95 percent less glare 
than a standard tube, Zenith claims. 

The 14-inch monitor is designed for 
VGA high resolution of 640 by 480 
pixels, making it compatible for use 
with IBM's Personal System/2 comput- 
ers. Price: $999. 


For you? 


| When a phone rang in a New York 
City hotel banquet room, Associate 
Editor Dawn Stover was there. The 
| call was expected, but it was a sur- 
| prise too. Here is her report: 

"The phone rang, and I turned my 
head to listen. 

" 'My beeper went off, said the voice 
from an amplified speaker phone in 
Continued 


Ford, Mercury and Lincoln 
owners win again. 


FORD-LINCOLN-MERCURY-MERKUR-FORDTRUCKS-FORDTRACTORS 


For the 7th year in a row, owners of 
Ford Motor Company cars and trucks have 
reported fewer problems than owners of 
any other vehicles designed 
and built in North America: [ДЕТ 

Not just when they're new, 
but thousands of miles down the road 

And all our new cars and light trucks are 
backed by a 6 year, 60,000 mile powertrain 
warranty" 

Thats what happens when you make 
ашлы Job 1. 


* Based оп an average of owner-reported problems in a series of surveys of '81-87 models designed and built in North Am 
* *Restrict HEKE cti == BE j Ask your dealer for a copy of this limite 'd warranty. Buckle up—Together we can save BE 


the corner of the room. ‘I’m in Wash- 
ington, D.C. 

“The pocket beeper the caller car- 
ried gave her a message—to dial my 
number in New York—and success- 
fully completed a test: It was the first 


message dispatched via a new nation- | 


wide paging service called Megames- 
sage. Unlike most message services, 
which are confined to specific local 
areas, Megamessage works between 
cities: 16 major cities at present. But 


Contemporary Group of New Rochelle, | 


YOU NEED 
A HUSKY BY 
YOUR SIDE. 


Husqvarna. And 
you. Up against a 
weekends work 
out back. 

Husqvarnas 
Model 40. A 2.4 
cu. in. powerhouse 
weighing only 10.8 
pounds. 

Sleek. Smooth. 
And fast. 

An unsurpassed 
balance of power 
and weight. 

Pound for pound 
you won't find a 
more reliable saw 
than a Husqvarna. 

Choose from 13 
models starting at 
under $220* Youll 
see why nothing 
works like a Husky. 


*Manufacturer5 suggested list. 


Husqvarna 


SWEDEN 


А е \ 
The chain saw professionals. 
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Electronics Newsfront сона 


N.Y., operator of the system, plans to 


expand coverage to 50 cities within a | 


year. 

“City-to-city messages are relayed 
between computer terminals via Tele- 
net Communications Corp.'s data tele- 
communications network. From there, 
local radio transmitters send the mes- 
sages to pagers. 


charge for Megamessage will be about 
$25 a month." 


Super TV 


Matsushita Electric Industrial Co. has 
developed the largest direct-view TV. 
It uses a 41-inch (diagonal) 308.6- 


| pound CRT. The set's horizontal reso- 


lution is 560 lines, and it's equipped 
with a Y/C connector for S-VHS. Pres- 


| ently, it's available only in Japan. 
"Contemporary Group's president, | 
Howard Klotz, says the basic service - 


Price: two million yen (about $13,000). 


Experts to go? 


Both Symbolics Inc. and Texas Instru- 
ments have announced single chips 


that run artificial-intelligence pro- | 


grams. The chips will allow future 
computers to mimic human reasoning 
up to three times faster than conven- 
tional computers equipped with AI 
software. 


| Last-minute entry 
| IBM Corp. has added two new models 


to its Personal System/2 line [Super 
PC,’ June]. The low-cost ($1,350) model 
25 is designed for education. It has a 
single 3V5-inch drive, 512 kilobytes of 
memory, and a built-in 12-inch dis- 
play (color is an additional $345), and 
it uses the 8086 processor running at 
eight megahertz. The model 80-311 
is for business. The 80386-based 
machine is similar to the original 
model 80 but has 2.5 times the stor- 
age capacity—up to 628 megabytes— 
with the addition of a 314-megabyte 


| fixed disk. Prices: $13,995 for the 
| computer, $6,495 for the disk. 


Tandy Corp. has added four new 


computers, stressing price versus per- 


formance. Example: Its new model 
4000 uses the high-speed 80386 run- 
ning at 16 megahertz, with one meg- 
abyte of memory and a 3'5-inch 1.44- 
megabyte floppy—all for $2,599. Eis] 


Three-D TV uses distorted scan lines 
and field signals to curve image. 


| 
| 


CAPTURE THE EXCITEMENT! 

“ All the leading Aerospace —" wear them, you can too! Unbeliev - 
ably defailed electrifying High Tech visual designs of the world's most exotic 
and advanced aircraft, screen printed in brilliant colors. Sizes; S(34—36], 
M(38—40), (42—44), X1(46—48 ). Also available ХХЦ50—52) T-Shirts only. 
For quick delivery credit card holders may place their orders by phone 
foll - free at 1-800-272-7171. International orders phone [602) 966-7613. 
To order by mail send check or money order payable to Blackbird 
International. Include shipping charges with your payment. Arizona 
residents add 6.5% sales fax. U.S. dollars only, no cash or C.O.D. 
Specify item number, size, and color when ordering. 
100% Guarantee Allow 2-3 weeks for delivery. 
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Classic Shirt, 
Classic Design, 
with Comfort 
to match. 
100% Cotton 
Tech Shirts. 
White only. 


Credit Card Orders 
Phone Toll-Free! 


OU "ЕТП 


EIE 


„И МЕЗИ? 


wi p M ! Ca or, send payment by mail fo: 

К =, A J $ | j m 

\ РЧ aii latest slant in Aviation. 100% Cotton Heavyweight | 8607. Scottsdale. AZ 85252-8607 
„= T-Shirts. Full Color Airmarks™ on back, with pocket mark юка е 

[see inset) on front. White only. 2 1987 Blackbird International All Rights Reserved 
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Versatile vans with V6 power and sedanlike luxury, the domestic minis are equally at home hauling children to school or 


An optional V6 engine and 15 extra inches of length help make Plymouth's successful Voy- 
ager mini-van more versatile than ever. But the Ford Aerostar and Chevrolet Astro have 
strengths that make them the better choices for many buyers of small vans. 


By TOM WILKINSON 
Photos by Greg Sharko 


| ow do you follow a great act? 
That's a problem with which 


i players and comedians have 
struggled since the days of Sophocles. 
It's also something Chrysler Corp. 
had to face following the spectacular 
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success of its Plymouth Voyager and 
Dodge Caravan mini-vans. Sales in 
1987 likely will top 225,000. What will 
it take to do better? 

First, fix the van's one notable flaw 
—lack of horsepower. Also, provide a 
stretched body for those buyers who 
want enough room inside for a four- 
by-eight-foot sheet of plywood. So en- 


ter the Plymouth Grand Voyager (and 
its twin, the Dodge Grand Caravan). 

Chrysler's rivals, Chevrolet and 
Ford Motor Co., arent ready to give 
up, though. Both the Astro and Aero- 
star have more powerful engines than 
when they were last tested | Nov. '85]. 
And for some special uses, we found 
that they remain superior to even the 


boats to the lake. Shown clockwise from top: Ford Aerostar XL, Chevrolet Astro CL, and Plymouth Grand Voyager LE. 


longer and more powerful Chrysler. 
The Voyager's new optional engine 
is a three-liter 60-degree V6 built by 


Mitsubishi. With a belt-driven over- 
head cam for each bank of cylinders 
and electronic port fuel injection, it 
develops 140 horsepower. Though a 
four-speed automatic transmission 
isn't available with it, the V6 engine 
generates enough low-speed torque 
that the wide gear-ratio spacing in the 
three-speed transmission's gearbox 
isn't a problem. 

Passenger versions of the Chevy 
Astro and Ford Aerostar come stan- 


dard with a V6 and four-speed auto- 
matic. Chevy's 4.3-liter V6 is the same 
engine fitted to larger Chevy trucks. 
With its throttle-body injection, it gen- 


erates a healthy 230 pound-feet of 


torque. The Aerostar's three-liter V6 
has horsepower and torque ratings 
closer to those of the Chrysler. 
Given that many who buy passen- 
ger versions of the Astro, Aerostar, 
and Voyager are looking for an alterna- 
tive to the full-size station wagon, it's 
encouraging that all three vans are 
reasonably wagon-like in performance. 
With its light weight, the Ford was 


the quickest from 0 to 60, averaging 
11.8 seconds in our tests. The Chevy 
was one second behind, its larger en- 
gine handicapped by the Astro's 3,600- 
pound curb weight. And though the 
Voyager was the slowest, averaging 13 
seconds from 0 to 60, it has no trou- 

ble moving easily with traffic flow. 
None of the trio has exceptional 
brakes, but those of the Plymouth are 
the best. Stops from 60 mph averaged 
173 feet. The Aerostar took 179 feet 
to stop from the same speed. And dis- 
tances for the Chevy stretched to 190 
Continued 


OCTOBER 1987 | 25 


Maxi challenge continued 


feet; that’s longer than we like to see. 

As the graphs show, handling isn't 
a major strength in these vans, either. 
But then you can’t put seven people 
in a Porsche 944. And all three cor- 
ner predictably enough to keep the av- 
erage driver out of trouble. 
Sizing up 

Unlike some groups in which the 
cars are so alike that it’s hard to 
choose among them, the three vans 
have a number of significant differ- 
ences, any one of which may be criti- 
cal to a particular buyer. Following 
are the features the POPULAR SCIENCE 


—— 1 


Ample body roll held down speeds for these vans in the maneuvera 


Views from the driver's seat 


Generally speaking, the longer a vehicle is | 


on the market, the better it gets. And that 


holds true for these mini-vans in most—but | 


not all—of the areas that PoPULAR SCIENCE 
tests. 

Compared with the instrumented trials in 
the November 1985 mini-van test, all of the 
competitors provided significantly stronger ac- 
| celeration. And the new Chevy and Ford were 
more precise and stable in the high-speed 
lane-change test than the original versions 
were two years ago. 


But like old athletes, the vans in this trio | 
have gone slightly soft in braking and low- 
speed maneuverability. The reduced low-speed | 


accuracy seems to be a function of softer 
suspensions that allow greater body roll. 

In daily use, the vans represent three dif- 
ferent approaches to family transportation. 
The Plymouth Grand Voyager, with its smooth- 
running V6 and soft ride, is the answer for 


| someone looking for an efficient light-duty | 


replacement for a big station wagon. The 
Ford Aerostar, with its V6 engine and rear- 


wheel drive, seems a good compromise be- | 


| tween wagon and truck. It has sufficient 
power for heavy loads and trucklike suspen- 
sion for rough roads, yet still provides good 
ride comfort. 

Whether hauling passengers in relative com- 
fort or towing a heavy load, the Chevy Astro 
feels every bit a truck. It generally has the 
roughest ride, but its larger engine and heavy- 
duty chassis perform the widest range of du- 
ties. Of the three, my choice would be the 
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test team judged to be most important. 


Size. Each van fits into most ga- 
rages, but if space is tight, the Chrysler 
is the winner. It's seven inches lower 
than the Astro or Aerostar, and over 
six inches narrower than the wide- 
track Astro. In exchange, the Grand 
version of the Voyager is more than a 
foot longer than the other two vans. 
Its length is still modest by car stan- 
dards; at 190 inches, the stretched 
Chrysler mini is about as long as a 
mid-size Ford Taurus. 

Carrying capacity. By ordering the 
appropriate seating package, you can 
equip each mini to carry up to seven 


bility test. 


Astro, though with fewer high-priced options 
than in our test van.—Jack Keebler 


Going on four years old, Chrysler's front-drive 
mini-van still qualifies as one of those “neat” 


| ideas, right up there with inventions like the 


Sony Walkman cassette player and the auto- 
matic ice maker. 

The new 14.6-inch stretch is artfully done. 
The wheelbase extension matches the added 


overhang, and this balance in turn helps front- 


wheel traction. On the negative side, though, 


there's a noticeable loss of maneuverability 


with the added length. 


In contrast, the Ford Aerostar seemed to | 


offer more usable room with fewer parallel- 
parking problems. It also ingratiated itself be- 
cause of its clean (and cleanable) interior. | 
found the Ford's seats more comfortable, and 
the van exudes the solidity of an oak ice chest. 


Last comes the Chevy Astro. But first, a | 


word about my driveway. In 1936, its width 
would easily let a full-size car past the drain- 
pipe and into the narrow concrete apron in 


| front of the garage. When | took these vans 


home, the Chrysler easily slid by this narrow 
passageway into the garage. Ford's van got 
through, albeit brushing the bushes and fre- 


| quently bumping the side-view mirror. The 


77-inch-wide Astro, on the other hand, ei- 


ther punched through the evergreens or took 


off the drainpipe. 


As a result, | found the “garageable” tag 


of the Chevy dubious. And as much as | ad- 


mire the Chrysler, | favor the Ford for its solid 


feel and modern styling.—Dan McCosh 


people plus luggage. Remove the cen- 
ter and rear seats, and the Chevy and 
Plymouth each haul 150 cubic feet of 
cargo. Because of its length, the Plym- 
outh will also hold a full sheet of ply- 
wood. The Aerostar has slightly less 
interior space than the other two, 
though it's hard to imagine what kind 
of cargo—except perhaps pillows— 
could fill the Ford's 139 cubic feet of 
space without overloading the chassis. 
Towing. Here, the Chevy and Ford, 
with their front-engine, rear-drive 
chassis, are the choice. Properly 
equipped, the Astro can tow three 
Continued 


ACCELERATION 0—60 (sec.) 


CHEVROLET ASTRO CL 


FORD AEROSTAR XL 


PLYMOUTH GRAND VOYAGER LE 
5 10 | 15 20 


BRAKING 60-0 (ft.) 


CHEVROLET ASTRO CL 
FORD AEROSTAR XL _ 
PLYMOUTH GRAND VOYAGER LE 


125 150 175 200 


HANDLING (mph) 


CHEVROLET ASTRO CL 
ОЕ 


FORD AEROSTAR XL 


PLYMOUTH GRAND VOYAGER LE 
55 60 65 70 75 


MANEUVERABILITY (mph) 


CHEVROLET ASTRO CL 


FORD AEROSTAR XL 


' 25 30 35 


©1987, BASF Corporation. | 
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Maxi challenge Continued 


y # 


[pe oe 
TEST RESULTS S Pi hj 
Acceleration (sec.) © г CFI 
0—30 mph aaa 4.0 3.8 4.2 
Ü-BD ПН: алладан 12,8 11.8 13.0 
Brake test, 60—0 mph 
Stopping distance (ft.) .................. 190 179 173 
Pedal pressure, cold (Ibs.) 
(0.5-G stop) sss 20 18 17 
Pedal pressure, hot (Ibs.) | 
(0.5-G shop) ss | 17 | 17 20 
Handling test (mph) .......................... 67.0 65.4 66.5 
Maneuverability test (mph) ..... ninn4 27.9 26.2 26.8 
Interior noise (dBA) | 
At idle ......... PURER RRR E TELE E. ea ome T 50 50 49 
At БО mph ...... See ea en eee UR | 71 69 68 
EPA FUEL MILEAGE (mpg) | | 
НЕШУ... сылана винога 21 22 23 
oe antc 17 | 17 19 


` DIMENSIONS (inches) 


Wheelbase | 111.0 118.9 119.1 
Overall length |... | 176.8 174.9 190.5 
Overall width uel. 77.0 71.7 69.6 
Overall height sss] Z3 72.8 65.0 


SPECIFICATIONS (as tested) 

Engine type . We V6 V6 

Displacement (cu. in. /liters) . „| 262/4.3 182/3.0 181/3.0 

Compression ratio |... | 9.3:1 9.3:1 B.85:1 

Induction .............. а SEE ЕР! ЕР! 

Net horsepower @ rpm RE 150 @ 4,000 | 145 @ 4,800 140 @ 4,800 

Net torque (Ib.-ft.) @ rpm ................| 230 @ 2,400 -165 @ 3,600 170 @ 2,800 

Transmission |... Speed automatic | 4-speed automatic 3-speed automatic 

Final drive ratio | 2.7X:1 3.45:1 3.22:1 

Steering u. dI TOL Ir .| Power, recirculating ball | Power, rack and Power, rack and 

pinion pinion 

Turn diameter (ft.) | 39.5 39.9 43.2 

Front suspension ...........................| Double lateral arms Double lateral arms MacPherson struts 
with coil springs with coil springs with coil springs 

Rear suspension... | Live axle with Live axle with Beam axle with 
plastic leaf springs coil springs leaf springs 

Brakes ........., (nays | DISC Gh Disc-drum Disc -drum 

Curb weight (ibs, ). уе 113,599 

F/R weight distribution (96) . „| 97/43 

Fuel tank (gal.) ............... 27 

Cargo volume (cu. ft) cse ш уг, 

Base price ....... romp | 911,079 0,68, 75 

Price as tested (less freight) ...........| $18,049! $16,481° $16,370° 


* Not available at press time 


Major options (over $100): Rear A/C $1,320, 7-passenger seating $1, 263, AM-FM stereo $624, 4-speed transmission 
$550, tinted glass $308, aluminum wheels $274, rear heater $267; “preferred equipment package (7-passenger seats, 
electronic instruments, privacy glass, power windows and locks, etc.) $3,016, high-capacity A/C $1, Tea, 4-speed trans- 
mission $607, sound system $409, trailer towing package $283, less $345 special added discounts; *luxury-equipment 
discount package (power windows and locks, tilt wheel, cruise control, etc.) $1,679, A/C $840, V6 $600, 3-speed 
transmission $532, AM-FM cassette radio $458, less luxury-equipment discount credit $300 


Brake pads, front 

Brake pads/linings, rear . 

Front shock/strut insert 

Alternator `................................ 

rie BUImp. O 
Ignition module _.................. 
ЮЕ |... ou ILLAE се 
Front bumper ................... 
Windshield ......... ; 

Taillight lens 


Checking oil level... sos 
Checking coolant level |... 
Adding oil... ss 
Changing oil filter .... 

Changing spark plugs . 

Changing belts .. E e oet 
Changing radiator hoses . 

Changing heater hoses . 

Checking fuses 

Spare-tire access . 


(Ease of service: 5 = excellent, 1- вед 


hà Бо ке ټم‎ W e c bo D 
had» & & ББ B on in 


tons, while Ford recommends a 4,900- 
pound maximum. The Plymouth is 
limited to 2,750 pounds, though an 
optional heavy-duty towing package 
for 1988 will increase that to 4,000 
pounds. It’s interesting to note that 
load capacity for all three vans is close 
—about 1,800 pounds. 

Driver comfort. Voyager is the clear 
winner here. The optional power seats 
are soft yet supportive, the driving po- 
sition is quite carlike, and there’s 
plenty of foot space on the floor. While 
the Astro CL has excellent seats, the 
engine cover and wheel wells occupy 
most of the footwells, making it tough 
to find a comfortable driving position. 
Although the Aerostar has far more 
foot space than the Astro, the cush- 
ions and backrests of the optional cap- 
tain’s chairs provide practically no 
support. 

Serviceability. With its transverse 
V6 engine, the Plymouth is a mechan- 
ics dream compared with the Ford and 
Chevy. Both rear-drive vans stash the 
engine back under a cover inside the 
passenger compartment that must be 
removed for all but basic service. 

Odds and ends. The load floor of the 
Plymouth is the lowest at 17 inches. 
The floors of the Astro and Aerostar 
are two feet off the ground. 

The Plymouth and Ford both have 
huge one-piece lift gates at the rear. 
The Chevy Astro has double doors, a 
big plus in tight spaces. 

Finally, the Plymouth is the fuel- 
economy champ of the three, though 
not by much. Its smaller frontal area 
helps it squeeze 23 miles out of each 
gallon on the EPA highway cycle. 


Truck or wagon 


Which of these three is the best 
choice depends on how you phrase the 
questions. If you like trucks, look to 
the Astro or Aerostar. Both have a 
rugged, trucklike feel that's missing 
from the front-drive Voyager. 

But as a wagon, the Voyager is still 
the pick. That's not to say that the 
longer version is an unqualified suc- 
cess. The stretched wheelbase makes 
the van less maneuverable. And those 
15 extra inches can make parking a 
chore. 

On the other hand, the new Mitsu- 
bishi-built V6 provides the power and 
torque that the Chrysler mini-van has 
needed since day one. Though many 
buyers may decide against the longer 
version of the Voyager, it's hard to 


imagine anyone who wont like the | 


extra horsepower. 
Author's choice 


The V6 corrects the one major flaw 
in the Plymouth Voyager, making it 
the best passenger van around. Sl 


Recondition the furniture. 
Condition the wood. 


New, improved Formby Goedi. 


tioning Furniture Refinisher is 


uniquely formulated to help condi- 


varnish, lacquer and shellac. 


Formby's шо у y» > 


Furniture Refinisher 
containsaspecial wood — 
conditioner rich in 


In Minnesota 


call (612) 546-7336 


21987, Fiberfab International 


Look for our displays in over 50 major airports. 


1-800-328-5671 


B | 


Vi D, So io gently, you don't have to 


Available in front or X 
rear engine drive. |= 


natural oed ade iih. ceres 

deep into the wood fibers to help 

prevent drying and cracking. And 
since Formby’s dissolves the finish 


/ 987 Thompson & Formby tne: 


We've made an easy- 
to-assemble way to 
turn back the clock - to 
2 atime when the auto 
J was more than trans- 
Щщ portation- it was beau- 
ty in motion! Imagine 
the pride when you're 
able to say... "And I 
built it myself?" 


16-J-7 | 

| Name | 

6807 Wayzata Boulevard | 
| Minneapolis, MN 55426 Address | 
| Hours: Mon. - Fri. 8:30 AM - 10 PM i 
| : | Sat. 9 AM- 5 PM, Sun. Il AM - I0 PM City State Zip i 
) Enclosed is $1.00 for each full color brochure and Replica 
| Kit information. | E | 

Home Phone ( ) 
i a Replica 1952 MG-TD L] Replica 1929 Mercedes Benz Area Code | 
a Replica Speedster Californian Replica 1955 356A Speedster Bus. Phone i ) | 

i Please charge my: [ ] MasterCard L] visa ÛJ Am. Exp. Area Code . [ 
| Acct. No, __ NE 2,7 Exp. Date 3 Signature o —— i 
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No-skid stops at bargain prices аге the promise of a new anti-lock braking 
system from England that uses engine vacuum instead of hydraulics. 


By DAVID SCOTT 


NUNEATON, ENGLAND 
he surface was so slick that the 
front wheels of the Ford Escort 
spun freely every time I tried to 

move away from a stop. The stretch 
of epoxy resin, flooded with water, had 
all the grip of wet ice. I had come to 
this slippery test track at the Motor 
Industry Research Association to try 
out a new British anti-lock system. In- 
tended for the mass market, Lockheed 
AntiLok could sell for as little as 
$300, and is already scheduled to ap- 
pear in at least one top-selling Euro- 
pean model. 

Continued 


Like the Bosch and Teves systems, 
Lockheed AntiLok (right) uses elec- 
tronic sensors to measure wheel speed. 
But it uses vacuum-powered solenoids 
to modulate fluid pressure, rather than 
more expensive electric-hydraulic con- 
trols. AntiLok gave straight stops, even 
on treacherous test track surfaces (top). 
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PRESENTING TECHNOLOGY THAT LETS YOU 
PROGRAM YOUR OWN DESTINY. 


Electronics and computer equipment can be most intimidating circuitry in existence anywhere. 
state-of-the-art today. And ready for the garbage If you attend college, we'll pick up 75% of 
can tomorrow. your tuition. You can even earn an associate degree 
Demand for technology is changing that fast. ^ from the Community College of the Air Force. 
And the people who can stay on top of it can What does all that mean? 
write their own ticket in this world. It means theres no telling where technology 
Thats the beauty of the Air Force. is going in the future. 
We can put you to work with technology that But with Air Force training, you've always got 
you may not read about in magazines for years. a future to look forward to. For more information, 
We can teach you how to make sense of the call an Air Force recruiter at 1-800-423-USAE 


Coming next month in Popular Science 


Home 
Electronics 
for’ 88. 


A special section 
with the latest news 
on digital audio 
tape, Super-VHS, 
High-Definition TV, 
CD video, camcor- 
ders and lots more. 


Watch for it! 
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This is your opportunity to start For a FREE BROCHURE and 
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tributor for Tri-Steel— America's come an independent distributor 
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Anti-lock for less Continued 


Before going into its technical de- 
tails, I wanted to see how the system 
worked. I wound up the Escort to 


| 50 mph on an approach lane, then 


slammed on the brakes as the wheels 
hit the epoxy. A car without anti-lock 
brakes would have skated into an un- 
controllable slide. But the Escort 


| slowed gently in a straight line. It 


even followed steering commands 
when I sawed the wheel to dodge im- 
aginary obstacles. 

Next, I did a split-friction run, with 
the right wheels on the wet epoxy 
and the left on dry asphalt. Normally, 
heavy braking here would have in- 


| stantly caused a gut-wrenching spin. 


But the Escort stopped smoothly. 

The low-cost anti-lock braking sys- 
tem that makes this possible was de- 
veloped by Automotive Products, a 
company that makes, among other 
things, vacuum boosters for power 
brakes. So it was only natural that 
AP's Lockheed AntiLok system would 
be powered by vacuum from the in- 
take manifold, not the high-pressure 
hydraulics used by systems from Rob- 
ert Bosch GmbH and Alfred Teves 
GmbH. 

"Vacuum actuators were a natural 
for us," explained Philip Antrobus, 
AP's project chief engineer. "These not 
only cut costs dramatically, but they 
eliminate added energy drain, since 
manifold vacuum is, in effect, free." 

Like the rival Lucas Girling system, 
already available on the European 
Escort [Sept. '86], AntiLok measures 
only the speed of the front wheels, be- 
cause these typically handle 70 per- 
cent of braking. Pressure is also 
pulsed to the rear through diagonal 
hydraulic circuits. 

But Antrobus claims the Lockheed 
system is a step beyond the Lucas 
Girling system. “Electronics gives us 
an edge over mechanical flywheel sen- 
sors," he said. “We can measure the 
rate of wheel deceleration before lock- 
up occurs, and thus determine how 
fast to reduce brake pressure." 

To demonstrate, Antrobus drove the 
Escort onto the epoxy at a good clip, 
then slammed on the brakes just be- 
fore the end of the test strip. As be- 
fore, the car slowed gently until it 
reached the grippy asphalt. Then it 
stopped firmly in its tracks. 

"That's the critical test," he said. 
"When moving from a low- to a high- 
friction surface, the pulsed braking 


| pressure changes instantly to maxi- 


mize the anti-lock for prevailing road 
conditions" - 
Antrobus added that AP would soon 


| challenge the highly refined Bosch and 


Teves systems with a cut-price, four- 
wheel-sensing version of its own Lock- 
heed AntiLok. 


Meteorites 
make a planet 


Jeremy Delaney believes the 80 me- 
teorites he has studied are part of a 
yet-to-be-discovered planet orbiting 
the sun. He calls the planet Basaltic 
Achondrite Planetoid, or BAP. Where 
it is exactly, he doesnt know—some- 
where in the asteroid belt perhaps? 
Maybe Vesta, the second-largest aster- 
oid, is BAP. 

“What I have is a lot of different 
meteorites formed the same way as 
the surface of Earth,” says Delaney, a 
research fellow at the American Mu- 
seum of Natural History. “But they’re 
very distinctive meteorites,” he adds. 
“Their isotopic signatures show that 
they are unrelated to the thousand 
other meteorites [found on Earth].” 

The formation of BAP—or whatever 
name other planetologists choose to 
call it—has been studied for the past 
20 years. Most of these studies ad- 
vance what Delaney calls the “onion- 
skin” theory: A single heating event 
melted BAP’s rocks, causing its heav- 
ier elements to sink and lighter ones 
to rise to the surface. This process gave 
way to a planet composed of concen- 
tric layers of homogeneous rocks. 

But Delaney’s studies suggest oth- 
erwise. A small planet like BAP, he 
says, lacks a gravitational pull strong 
enough to separate rocks into homo- 
geneous layers. In addition, about half 
of the 80 meteorites are breccias— 
rocks consisting of different elements 
—whose existence suggests that BAP’s 
surface is heterogeneous. Delaney is 
sure additional melting-freezing pro- 
cesses were involved. 

“We have a reasonable basis to say 
that planets formed under the same 
conditions,” says Delaney. In addition, 
the onionskin theory does not apply 
to the formation of Earth, the Moon, 
or Mars. 

“Ultimately, the processes are what 
we want to identify,” he says. “We 
want to look at other formation pro- 
cesses to compare with Earth models.” 

Right now, Delaney is looking for- 
ward to obtaining more meteorite 
samples from Antarctica. And the 
French-Soviet flyby of Vesta, sched- 
uled for the 1990s, may well test his 
theory that Vesta is BAP. 

"I expect to be proven wrong," he 
says. “Sometimes the reality is that 
you're looking for the least wrong 
story." —Eduardo R. C. Capulong 
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B A technological 
breakthrough! Now 

..one convenient, beautifully styled 
console can purify and humidify the 
air in a 1500 square foot area...and, 
it will humidify a minimum of 21 
hours without refilling. 

Special features include a patented 
dual air filtration system to remove 
particulates such as tobacco smoke, 
dust and pollen, demineralization 
cartridges to help prevent white dust, 
two removable tanks for easy filling 
and easy-rolling furniture casters. 


It’s the perfect solution to both par- 
ticulate air pollution and humidifica- 
tion problems. You can even use the 
air purifier independently all year 
round — A Bionaire exclusive! 


From the makers of Air Purifiers, 
Ultrasonic Humidifiers and Water Purifiers 
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humidifier 
to provide 
year round 
comfort. 


Bionaire Corp. ш 901 North Lake Destiny Drive, Suite 215 ш Maitland, FL 32751 
For more information, call toll-free 800-524-0086. In Florida, call 305-660-0265. 
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in Popular Science Book Club 


The BENCHTOP REF- 
ERENCE gives you instant 
answers to hundreds of 
do-it-yourself questions 


on Woodworking, Joinery, 
Dowels, Veneers, Laminates, 
Fastening, Sharpening, 
Grinding, oncrete, Electrical 
work, more! 48 big 8x1034 
pages. All illustrated! Super 
handy and indispensable! 


POPULAR SCIENCE BOOK CLUB 
#1 FOR DO-IT-YOURSELF 
The Best How-To Authority. . . PSBC is the largest and 
oldest special-interest book club serving successful do- 
it-yourselfers more than 25 years. 
The Best Do-It-Yourself Books . . . PSBC editors comb 


the country searching for the finest, often hard-to-find 
books on today's important homeowner topics: 


WOODWORKING * HOME REPAIR & IMPROVEMENT 


e WIRING, PLUMBING, HEATING, AIR CONDITIONING _ 
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to produce definitive books on important Club subjects. 
See titles with # . These are cream-of-the-crop handy- 
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you plenty on hundreds of special book bargains offered 
throughout the year to the membership. 


Quality Production Standards. . . PSBC selections are 
printed with careful attention to detail on paper, print- 
ing, binding. You'll use these books for years. 
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at our expense. The gift is yours to keep FREE. 
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HOW POPULAR SCIENCE 
BOOK CLUB WORKS 


YOU RECEIVE BOOKS WORTH UP TO $96.40... 
when you take any 3 selections here for just $3.95 
plus delivery and handling. Simply indicate your 
choices on the attached postage-free card and mail. 


CLUB MEMBERS' BULLETINS. . . Fourteen times 
a year youll receive a Club Members Bulletin 
package describing the coming Main Selection 
and nearly 100 additional books you may choose 
from. In addition, up to 4 times a year, you may 
receive selected mailings on seasonal and annual 
products of interest to members. If you want the 

ain Selection only, do nothing; it will be sent to 
you automatically. If you want another book —or 
no book — indicate your wishes on the form provid- 
ed and retum by date shown. You will always have 
at least 10 days to do this. Should the bulletin ar- 
riva late and you receive an unwanted selection, 
you may return it at our expense. 


UP TO 75% DISCOUNTS. . . Club prices range 
from $5.99 for special book bargains offered at su- 
per savings up to 75% and even more. . . all the 
way to richly-produced, very special books that list 
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at exclusive Club discounts. 
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НОМЕ HEATING 


Product review 


On the pages that follow you'll find news of innovative central heating systems (gas, oil, and 
electric), fireplaces, control devices, and more, as chosen by the editors of POPULAR SCIENCE 
who scan the world to keep you up to date. 


Ground-source he 
-still a smart buy? 


By JACK HORST 
n 1983, when oil prices were still 
high in my area, I installed a Can- 
therm ground-source heat pump 


| [April '84] in my brand-new, well- 


insulated 1,600-square-foot house. It 
cost several thousand dollars more 
than comparable systems that use oil, 
gas, or wood, but I figured I’d recoup 
my higher initial expense in a few 


ij years through lower energy bills. 


True, my heat pump runs on elec- 


_ tricity—an expensive commodity in 
2 northern Vermont, where I live. But 
| most of its energy comes from the 
| earth: A propylene-glycol solution cir- | 
“_ culates through 1,200 feet of two-inch- | 
à» diameter plastic pipe buried three feet 
| deep in a field next to my house. As 


it travels, the solution absorbs heat 
from the surrounding soil, even when 


© soil temperature drops below freezing. 


| For every kilowatt-hour of electricity 


© I use, I get back the equivalent of 


more than 2% kilowatt-hours of heat 
in winter and air conditioning in sum- 


| mer. In addition, all my domestic hot 


water is supplied by the same efficient 


ч system. 


My ground-source heat pump also 


| offers important benefits that have 
~ nothing to do with economics: 


® Minimal fire hazard—no chim- 
ney, firebox, or heating elements— 


| only pumps, fans, and a compressor. 


e Cleanliness—no combustion prod- 
ucts, hence no chance of my heating 
system polluting the indoor air (or 
leaving scummy deposits on walls and 


B. furniture). 


è Reliability— solid-state electronic 
controls and sealed bearings virtually 


| eliminate breakdowns. 
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DRAWING SY MARIO FERRO 


How a ground-source 
heat pump works 


A ground-source heat pump extracts heat from 
the earth and pumps it into your house in 
winter, then does the reverse in summer. Mine 
uses propylene glycol as the working fluid. 
The nontoxic glycol flows in a closed loop 
through polyethylene pipe buried three feet 
underground. In heating mode (shown) the 
glycol flows through the ground loop, absorb- 
ing heat from the earth. Then it passes 
through the evaporator coil. There the glycol 
gives up heat to a refrigerant, which flows 
through in another closed loop, causing the 
refrigerant to boil. The vaporized refrigerant 
goes to the compressor, where its pressure 
апа temperature are increased. From there 
the hot gas travels to two condensers—one 
for domestic hot water, the other for space 


REFRIGERANT LOOP 


SPACE-HEAT 
CONDENSER 


H 
P) 
H) | 

) 
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heat. There it condenses, giving up heat to 
the water in the hot-water condenser and to 
the passing air in the space-heat condenser. 

In summer the refrigerant cycle is reversed 
to remove heat from the house. Some is used 
to heat water; the remainder is dumped into 
the ground via the glycol loop. The Cantherm 
pump is sold by ASEA Cantherm, 1 Ground 
Source PI., New London, Ohio 44815.—J.H. 


e No maintenance— no wood to cut, 
ashes to haul, or chimney to clean. 

e Even heat—My Cantherm heat 
pump delivers 105-degree-F forced hot 
air, about 50 degrees cooler than oil 
or gas furnaces, and not dried to a 
desertlike humidity. 

e Convenience—The system runs 
automatically, even switching from 
heating to air conditioning as needed. 
I can simply lock the door and go away 
for a day, a week, or a month. 


Not only did I expect to start sav- 
ing on energy costs immediately, but 
I also expected those savings to grow / 
over the years as oil prices continued 
to soar. Since I was wrong about oil 
prices, the big dollar savings I en- 
visioned haven't materialized. Never- 
theless, I am satisfied, all things 
considered. 

Гуе been able to measure precisely | 
how I fared financially, because the 

Continued 
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Customers who demand the most 
from their vehicles rely on 
Motorcraft batteries. Thats why 
you Il find a rugged Motorcraft 
Tested Tough or Tested Tough 
Plus battery in every 
tough new 
Ford Truck. 
They're 
computer- 
designed 
К сану for 
ы ıı improved cold- 
-Cranking power. 
ether you're off the 
road, on ‘the water at the farm, 
or in your garage, Motorcraft 
makes a quality-built battery 
to get you started. And a full 
line of reliable Motorcraft 
parts to keep you going. 
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LOWE KEATING 
Product review 


Heat Dump Continued 


electric company installed a meter just 
for my heat pump. For the past three 
years its energy use has varied only 
five percent. The annual average for 
1984, '85, and '86 is 5,862 kilowatt- 
hours. 

According to the company's charts, 
with the ground temperature in this 
area, the Cantherm heat pump runs 
at an average coefficient of perfor- 
mance, or COP, of 2.75 in winter: For 
every kilowatt-hour of electricity it 
| uses, the equivalent of 2.75 kilowatt- 
| hours of heat is delivered. To find my 
annual Btu usage, I multiplied the 
| efficiency (2.75) times the kilowatt- 
hour usage (5,862) times the Btu per 
kilowatt-hour (3,412). Therefore my 
heat pump produces about 55,000,000 
Btu each year to provide our heating, 
air conditioning, and domestic hot 
water. (We need little air condition- 
ing, so I used the 2.75 COP as a yearly 
average efficiency for the system.) - 

Once I knew how much energy I 


Gas heat does 
double duty 


If you use gas heat, you probably have 
two burners: one in the furnace and 
another in the water heater. But the 
Unicore integrated heating system 
saves energy by operating with just 
one burner. Hot water circulating 
through coils provides heat for both 
air and water supplies. 

When the house's thermostat calls 
for heat, the furnace's electrically 
ignited burner fires. Water passing 
through coils around the burner (see 
drawing) picks up heat, then carries 
it to a secondary heat exchanger, 
where it's transferred to air blown 
| through the furnace. The water loops 
| back to the burner for reheating. 
| The water heater is basically a stor- 
| age tank. When its contents cool, a 
diverter valve in the furnace reroutes 
liquid from the heating coil, sending 
| it to a water-to-water heat exchanger 
in the tank. Water in the tank returns 
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used, comparing alternative heating- 
system costs was easy. The table below 
shows the results. As you can see, I 
am currently breaking even compared 
with oil, slightly higher than wood, 
slightly lower than propane, and much 
lower than electric-resistance heating. 
(Natural gas is not available in my 
area.) 

Your costs would differ from mine, 
but if you know how much fuel you 
used last year, you can make a sim- 
ilar analysis using the conversion 


to count all of your energy require- 
ments—for heat, domestic hot water, 
and air conditioning—to get a fair 
comparison. 

From my viewpoint, the non-finan- 
cial advantages of a ground-source 
heat pump alone make it worth the 
higher initial investment. In nearly 
four years mine has required zero 
maintenance. 

Would a similar system be a good 
idea for you? Consider your priorities, 
calculate the economics of your 


values listed in the table. Remember choices, then decide. 
Heating options—by the numbers 

Comparative annual costs 

(for heat, domestic hot water, and air conditioning) 

EQUIPMENT ENERGY REQUIRED UNIT COST! $ ANNUAL COST $ 
Ground-source heat pump (55,000,000 Btu’) 3,8652 kW-h (measured) 0.09/kW-h 528 
Electric-resistance heat (5,862 х 2.75) 16,120 kW-h 0.09/kW-h 1,451 

Oil furnace (55,000,000/0.70)/138,000 569 gal." 0.90/gal. 512 

Gas furnace (propane) (95,000,000/0.75)/96,600 158 gal. 1.00/ gal. 759 
Wood stove (55,000,000/0.50)/ 20,000,000 5.5 cords! И иц 440 
Comparative values used 

EQUIPMENT EFFICIENCY HEAT CONVERSION VALUES 
Ground-source heat pump 2.15 3,412 Btu/kW-h 
Electric-resistance heat i 1.00 3,412 Btu/kW-h 
Dil furnace 0.70 138,000 Btu/gal. 
Bas furnace (propane) 0.75 96,600 Btu/gal. 
Wood stove 0.50 10,000,000 Btu/cord 


l Average local rates 1984—1986; 22.75 efficiency coefficient x 5,862 kW-h х 3,412 Btu/kW-h = approximately 55,000,000 
Btu for author's annual heating, air conditioning, and hot water (see text); "includes Btu equivalent of electricity used for 
domestic hot water and air conditioning; "numbers taken from Northeast Regional Agricultural Engineering Service data. 
More efficient oil, gas, and wood furnaces are available. When analyzing your options, use the seasonal efficiencies of the 


appliances you are considering 


STAINLESS-STEEL 
TANK | 


LONG-LIFE PVC JACKET 
COPPER/NICKEL HEAT EXCHANGER 
POLYURETHANE INSULATION 


to the proper temperature almost im- 
mediately; thus a 30-gallon tank can 
meet the needs of a large family, claims 
the maker, GlowCore Heating & Cool- 
ing Products (Cleveland, Ohio). 
GlowCore's forced-air system has an 
efficiency rating of 91 percent, and 
an installed cost of $2,500 to $3,500. 


WATER 
CIRCULATOR 


SECONDARY 
HEAT 
EXCHANGER 


COMBUSTION 
PUMP 


4-SPEED BLOWER 


GlowCore also makes a hydronic ver- 
sion, rated at 89-percent efficiency. 

At least one other company, Amana 
Refrigeration Inc., has a combined 
furnace-water heater system. And a 
few water-heater manufacturers make 
similar systems, but place the burner 
in the water tank.—Dawn Stover 


FALL PROBLEM SOLVER 


SALE 


For use on D " to 3" drains in 
ing machine drains and bath- | 


kitchen sinks, showers, wash- 


Because Trustworthy stores vary in size, some may not stock all | 


Ше Re the Problem Solvers!” sic persed wh Ойдын" m 


THERMOGRIP 

Electric 

Glue 

Gun | Your C = | | 

"ud. 1 99 An Price..... 14% After Rebate лане. н ы 12" Electric | 99 
"e | g99 Less poo 933 -- "а | 18939 Chain Saw 

а py Rebate. ... Will not crack, sag or shrink, or | Kerosene Heater f 1.25 H.P. An ideal size to handle 
Solid state heating system. Heavy Duty your money back. 29 90,000 BTU's provide enough your limbing and trimming pro- 
Smooth trigger fed mechanism Pop? Rivetool 14 Pint 0542 1 heat to warm most 2 Саг jects. Features positive chain ad- | 
| puts out more glue with less ot Fastens metal, wood, cloth, = garages, sheds, workshops for justment for maximum perfor- 
| fort plastic, leather, etc. K111| Quart 


| upto 11 hours on one filling.R50 mance. 76728 | 


Patch & Paint™ 
— Wall Fixer Fabric 


After Rebate | Sale 48 Your Cost 


VATE 

merican | 
ТА" CutofflRip 999 © | 
Firetooth® Blade | 
For all purpose cutting. Cross- | 
cuts, rips and miters all woods. 
25630 


e. 
After Rebate 


! 99 : d 
13 Pe. T Ж. Less 200 2*9 pus Steel Wool So: | Саше 


Fractional sizes 1/16” through | Easy to use, repairs walls in ES 8 super fine m per | 
1/4". | 


minutes. 


Metalmaster^ 099 
Aviation Snips | 
Compound action cuts with half 
| the effort of conventional snips. 
| M3R 


Adjustable x: 399 
C Clamp Set j 


Attractive smooth finish, careful- 
ly fitted steel screw. Sizes 1”, 
| 2" and 3”. 1491 


Aluminum 
Door Bottom | 
Has soft, flexible vinyl lip. 36%4" 

A54P 


Chalk Line i Easy roll-on application, no stir- 
Self-chalking, easy action reel. | ring or thinning. Protects & 
Reversible line guides. Durable | beautifies old & new floors. 1 
aluminum alloy box. 125-100 | gal. P83-7200-1 


10 Gallon 

Wet/Dry Vac 
High performance motor. Posi- 
tive lock system on attachments. 


^ 
add Washer 2° 

No ladders, no buckets. Powers pe Gal. 1 0987 52 ба. 
Choose from a wide selection of | Variable airflow control. off dirt and grime. Reaches sec- EA. Electric 
quality chains. 800-02-62 ond story windows. 26000 ү rA NKRT 5-52-2KRT 


| —————————  —— A E | 


T Hh- oben Chain © ыл 


Sale prices good at participating stores. Check the Yellow Pages for the Trustworthy store nearest you! 


HOWE HEATING 
Predwet review 


f Zone control for forced-air heat 


It’s a common scenario: Upstairs one 
occupant is cracking a window and 
kicking off the bedclothes while down- 
stairs another turns up the thermo- 
stat and dons a sweater. The battle of 
the thermostat as well as other energy- 
wasting practices—like heating unoc- 
cupied rooms—can be avoided if your 
home has zoned heat: separate con- 
trols for different rooms. 

With hydronic and electric heating 
systems zoning is standard. But resi- 
dential zone-control systems for forced- 
| air heating and cooling systems are 
rare. Recently, Carrier Corp. and 
| Valera Corp. introduced such systems; 
Trolex Corp. has offered one for about 
20 years. All three systems can be 
used with heat pumps; gas, oil, or elec- 
tric furnaces; and air conditioners. 

The most sophisticated—and expen- 
sive—system is Carrier’s Home Zone. 
|. It can be used to divide a dwelling into 
up to 64 zones—each controlled by a 


FRESH-AIR 
DAMPER CONTROLLER 


FRESH-AIR 


INTAKE DAMPER, 3 : 
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programmable thermostat. Each ther- 
mostat communicates its heating or 
cooling needs to a computerized mon- 
itor-thermostat that’s linked to the 
heating/air-conditioning system. If the 
zone calls for heating or cooling, the 
thermostat opens a motorized damper. 
Home Zone must be used with Car- 
rier products—furnace, air condition- 
er, or heat pump (including a new 
variable-speed heat pump—see com- 
panion article); motorized dampers; 
and programmable thermostats. Its 
unique feature is that the dampers are 
modulated: They open wider as the 
cooling or heating need increases. 
Trol-A-Temp from Trolex Corp. of- 
fers zoned systems that can control up 
to 12 zones. But unlike the Carrier 
system, Trol-A-Temp can be used with 
most furnaces, heat pumps, and air 
conditioners. It costs less too, owing 
to a simpler design: Trol-A-Temp uses 
mechanical thermostats linked to a 


Anatomy of a typical 
three-zone heating! 
cooling air system: 
Each zone has its 
own thermostat and 
in-duct damper. 


OL PANEL 


ZONE 2 DAMPER 


A = APTA 


_/ HEATING/COOLING UNIT 
DRAWING BY ADOLPH BROTMAN 


master control panel to open or close 
individual dampers. Unlike Home 
Zone, the dampers are not modulated; 
they are either open or closed. 

The third system, Enerstat System 
2 sold by Valera Corp., also works 
with most equipment but divides your 
home into only two temperature zones. 
System 2's main function, according 
to Ron Jackson, an Indianapolis control 
specialist and designer of the system, 
is to diminish the six- to eight-degree 
temperature differential between 
floors. System 2 was designed with 
only two zones to eliminate the need 
for a bypass damper, he says. 

Jeff Parker, vice president of mar- 
keting at Parker Electronics, the com- 
pany that developed Carriers Home 
Zone, explains what a bypass damper 
is and why a home with more zones 
may need one: "When we start clos- 
ing down zones, we have to make 
sure we don't reduce the airflow over 
the equipment beyond the acceptable 
limit. If you have five zones but are 
using only one, twelve hundred cubic 
feet per minute of air is flowing 
through one four-hundred-cfm duct." 
This increase in volume raises static 
pressure in the duct and leads to a 
drop in return air to the heating or 
cooling appliance. In the case of an 
air conditioner, the coils may freeze 
up. A bypass duct shuttles air past a 
closed zone and connects it back to the 
return air supply. 

A home with fewer than three zones, 
according to Richard Foster, Trol-A- 
Temp's sales manager, might not need 
bypass dampers if the ducts are capa- 
ble of carrying 60 to 75 percent of the 
system's air. 

Companies agree that zoned forced- 
air systems are most cost-worthy in 
homes larger than 1,800 square feet; 
in recent studies by the Jacksonville 
(Fla.) Electric Authority, energy sav- 
ings reached almost 35 percent. Ener- 
stat System 2 costs between $1,000 
and $1,200, including installation; 
Trol-A-Temp costs between $300 
and $400 per zone, installed; and 
Home Zone prices range from $700 to 
$1,000 per zone, installed in new con- 
struction.—Naomi J. Freundlich 


Carrier Corp., Residential Products Div, Box 4808, 
Syracuse NY 132; | 

Trolex Corp., 56 Bushes Lane, Elmwood Park NJ 07407-3204 

Valera Corp., Suite 103, Bridge and Port Authority Bldg., 
Ogdensburg NY 13669 
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“Were a small office. We didnt 
need anything complicated... but 
something simple and up-to- 
date. And that’s why we chose the 
new SPIRIT System.” 


Debbie Zelmer 
Office Manager, Petrolane Gas 


Your business phone is your business lifeline. Plus all SPIRIT System phones come with 
A small business needs a phone system a speakerphone built in so you can talk "hands- 
| that offers key features, yet is affordable. free.” And the system will accommodate up to 
Thats why AT&T's new SPIRIT™ System is 16 phones and 6 lines. 
so attractive. It's easy to learn and to use because In short, the SPIRIT System gives you the 
it comes preprogrammed with a full range of features you need now, not the ones you dont. 
features that are perfect for a small company. Which is one reason it's such a good value. 
Like conference calling or Last Number Because its made by AT&T, the SPIRIT 


System has a valuable advantage 
built in: over a hundred years of 
communications experience. 
Which means that youre assured 
of quality equipment, backed by 
the most experienced service force 
in the country. 

The AT&T SPIRIT System. The 
ease of use and features you need 
most at an affordable price. 


A GREAT VALUE IN A SMALL BUSINESS PHONE SYSTEM. | к | 


this or any AT&T system, please call 


Redial, which dials the last “busy” number you 1 800 247-7000. An AT&T professional will be | 
tried to reach — automatically And Speed Dialing happy to answer any questions you might have 
stores up to 70 numbers in its memory, while about our range of AT&T small business phone 
each individual phone stores up to 16 more. systems and our leasing and financing options. 
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The right choice. ©1987 АТАТ 
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Toxic gas and smoke alarm 


Most people in the U.S. recognize the value of household 
smoke alarms in protecting their families from fire and 
smoke inhalation— nearly 5,000 victims died in 1985. But 
few are aware that almost 700 people died that year from 
exposure to toxic gas. Often, the difference between life 
and death is timely warning of the danger. BDC Elec- 
tronics' Ultralert System combines a smoke detector and 
a toxic-gas sensor in a single unit. 

One of the reasons for designing a product that guards 
against noxious gas as well as smoke is the recent trend 
toward tighter house construction, says Kent Cowan, 
president of BDC. "Better building techniques such as ad- 
ditional insulation and weatherstripping result in a re- 
duced flow of fresh air, which can allow toxic gases and 
| smoke to accumulate in dangerous concentrations," Cowan 
| explains. 

Ultralert detects combustible gases such as methane 
(natural gas) and carbon monoxide with a sintered-tin 
oxide semiconductor sensor, says Stephen Marshall, BDC 
vice president of engineering: When the concentration of 
gas molecules reaches a threshold point, the conductivity 
of the sensor changes, which sets off the gas alarm—a 


continuous high-pitched tone. The smoke alarm, triggered 
by a standard ionization-detection-type sensor, emits a loud, 
intermittent horn sound. 

Ultralert runs on 120-volt AC and can be wired with 
either a pigtail hookup or a plug-in transformer adapter 
(available for $11). The smoke detector is equipped with a 
nine-volt battery backup. The Ultralert System model 777 
costs $100 and is made by BDC Electronics Inc. (Box 4996, 
Midland, Texas 79704).—Raymond A. Marcus 


To stop wasting energy press here. 


Only the Hunter Programmable Thermostat has a feature that'll help you manage your heating costs 
every day of the month. It's called an Energy Monitor. | 
At the touch of a button, it displays the amount of time your furnace has run today, yesterday, this 
week and last week. So you can start controlling your energy usage immediately and save up to 3596 on your 
, heating and cooling bills. 
al In fact, our thermostat saves 
~ so much, so quickly, it pays for itself 
>) injusta few months in most homes. 
And installing one takes only a 
screwdriver and about 30 minutes. 
For a free brochure about i 
29 Americas best selling electronic 
T programmable thermostat, write 
us at 2500 Frisco Ave., Dept. PS, i 
PO. Box 14775, Memphis, TN 38114. 
Or call (801) 745-9222 for your | 
nearest Hunter retailer. 
| Needless to say, you won't be 
wasting your energy. 


e RESET | 


Hunter 


HOLD 
TEMP _ 


Hunter Fan Company • Building The Best For Over 100 Years. 


Ceiling Fans * Air Conditioners e Lighting + Dehumidifiers « Humidifiers 


Thermostats á 
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i Product review 


| Frugal furnace 


Santa won't slip down the chimney 
of this new condensing oil furnace, 


| because the furnace’s condensing 


£3 coil cools flue gases so thoroughly 
| that they can be vented through a | 
Il two-inch plastic pipe. And the heat 


recycled from the condensed vapors 
boosts efficiency above 95 percent. 

Made by Dornback Furnace & 
Foundry Co. of Eastlake, Ohio, the 
HEO furnace has a chamber, lined 


with refractory material, where air 


mixes with oil and ignites at about 
2,200 degrees Е The hot gases pass 


through a primary heat exchanger 


! (1), losing heat to house air mov- 


ing in the opposite direction. The | 


combustion air goes to another heat 


exchanger (2) and cools to about 


700 degrees. 

Conventional furnaces vent flue 
gases at this point, but this unit 
draws the gases through steel tubes 
(3). The water vapor condenses, re- 
leasing latent heat that's used to 
pre-warm house air. The exhaust 
gases—at about 117 degrees F— 


can exit through what looks like a | 


dryer vent. 
Condensing gas furnaces are 


common now [Oct. '85], but because | 


! burning oil produces residues, it's 


been difficult to develop oil-fired 


furnaces. Dornback's furnace went | 


on the market in January. Until 
then, the only oil-burning conden- 
sing furnace available in this coun- 
try was the Yukon Ultima [March 
'84]. A Canadian furnace, Summer- 
aire, should be available in the U.S. 


$ this autumn.—Dawn Stover 


Get in on the 

Power-Flo Fall REBATE. 

We'll send you a $3 check for 
each product you purchase 
before November 30, 1987. See 
your neighborhood paint, 
hardware, and home center for 
rebate forms. 


Voted 

"Best of Show 

at the 

National Hardware 
Convention 


The Original PAINT STICK" 
Takes paint right from the can 
and, with a push of the handle, 
applies it to the wall. Eliminates 
messy paint trays forever. Voted 
"best of show at National 

| Hardware 


E Convention. 
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Power-Flo 

AIRLESS 

PAINTERS" 

Choose 

from the 6-piece PF-20 
Homeowner Kit or the 8-piece 
PF-30 Heavy Duty Kit. Both are 
designed to make short work of 
household painting projects. 


Power-Flo 

PAINT 

| STRIPPER™ 
Complete 8-piece Hot Air Gun 
Kit. Removes layers of paint and 
varnish easily. Features two heat 
settings, two nozzle attachments, 
and a 5-piece scraper set. 


Power-Flo ROLLER 
PAINTING SYSTEM" 

Pumps paint right from the can, 
direct to the roller, with the touch 
of a button. 
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Fireplace without 
a chimney 


If you’ve ever installed a clothes-dryer 
vent, you should be able to hook up this 
energy-efficient gas fireplace in one 
day. 

Designed for homeowners who want 
a warm hearth without building a 
chimney, the Homeflame Direct Vent 
gas fireplace from Valor Inc. vents 
through a seven-inch hole in an exte- 
rior wall. 

Installing the 70-pound fireplace in- 
volves cutting a hole through the wall 
and inserting the vent. Let a profes- 
sional connect it to the natural gas 
supply or outside propane tank. 

The American Gas Association rates 
the Homeflame at 74 percent effic- 
iency—three times the average rat- 
ing for conventional wood-burning 
fireplaces. The unit's energy-efficient 
| design originated in England at Val- 
or's headquarters. Its sealed combus- 
tion system draws air from the out- 
side, and then circulates the exhaust 
gases through three heat exchangers 
before venting them back outside. 

Convection provides 60 percent of 
the heat: Room air passes through one 
side of the heat exchangers as exhaust 


products pass through the other. The | 


gas flame and hot ceramic logs radi- 
ate the other 40 percent of the heat. 

Although with a gas fireplace you 
may miss the woodsy smell of logs 
burning, you gain convenience: no logs 
to split, ashes to haul, or wood to store. 
And no kindling—the push of a but- 
ton ignites the flame. 

Valor Inc., Box 2661, Henderson- 
ville, Tenn. 37077. Price of the Home- 
flame: $800.—4A my Charlene West 
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The old: fireplace liner (top) is corroded 
and unsafe. The TESS replacement sys- 
tem (above) includes masonry blocks 
and a stainless-steel hood. 


Replace that rusty 
fireplace liner 


If you have a metal liner in your cir- 
culating fireplace, it could be time to 
replace it. A faulty damper, warped 
metal, or rust holes may be signs that 
your firebox is unsafe. 

A replacement system from Ther- 
mal Energy Storage Systems (TESS) 
restores a worn-out fireplace without 
disturbing its mantle or face. This sys- 
tem, which should be installed by a 
specially trained professional, uses a 
stainless-steel hood and smoke shelf 
but substitutes masonry blocks for the 
existing metal liner. 

To install it, the contractor removes 


| the old liner with a cutting torch and 


inserts the steel hood in the chimney. 
Refractory blocks, made of expanded 
shale and calcium aluminate cement, 
line the fireplace. 

The repaired fireplace won't circu- 


| late hot air, but the masonry blocks 


increase radiant heat, says TESS 
spokesman Charlie Page. 

You can buy the system through a 
chimney sweep or a wood-stove store. 
Liner price: $750; including labor: 


| $1,400. TESS, Inc., Box M, Mine Rd., 


Kenvil, N.J. 07847.—A. C. W. 


New heat pump 
matches speed 
to load 


Carrier Corp.’s newest heat pump, the 
Infinity, has a 16-speed compressor 
that works in concert with a multi- 
speed indoor blower. Compressor speed 
is controlled by an induction inverter 
that varies the AC output. Result: It 
can adjust its output to your home's 
heating and cooling needs. 

One advantage, claims Carrier, is 
improved comfort. Because the heat 
pump modulates its output rather 
than cycling on and off frequently, 
temperature swings are reduced. For 
the same reason, less humidity builds 
up in summer. And besides comfort, 
fewer starts and stops mean less wear 
and tear. 

Another advantage is efficiency. The 
pump usually operates at low speed, 
so it cuts energy use. In addition, its 
fewer defrost cycles in winter mean 
more energy savings. Carrier engi- 
neer Fred Teller explains: "When it's 
thirty to thirty-eight degrees outside, 
a single-speed heat pump lowers the 
temperature of the outside coil enough 
to cause frosting and necessitate de- 
frost cycles." If your house needs heat 
during defrost, inefficient electric- 
resistance elements switch on. ^With 
the compressor running at a lower 
speed, the Infinity's outside coil runs 
at a higher temperature," Teller says, 
"thus avoiding defrost cycles." 

Its coefficient of performance, a 
measure of heating efficiency, is two 
when outside temperature is 17 de- 
grees F, and three at 47 degrees. Its 
cooling efficiency, the seasonal energy- 
efficiency ratio, is 10.5. 

The two-ton Infinity is $2,800; the 
three-ton model, $3,100. Carrier Corp., 
Box 4808, Carrier Pkwy., Syracuse, 
N.Y. 13221.—Jennifer Hume 


А CONSUMER 
GUIDE 


If you've been considering a spa, you're probably 
already aware of the benefits and pleasures of 
whirlpool massage. However, not all spas are alike. 
The true test of any spa is whether it can provide 
these pleasures conveniently and efficiently. We'd 
like you to know what to look for when shopping for 
a spa and show you why the engineers who designed 
the HOT SPRING SPA® have produced the best spa 
"i today. 


1. FULLY WARRANTED MATERIALS AND 

CONSTRUCTION. 
The HOT SPRING SPA is made of the most advanced 
and durable material of any spa - ROVEL™ (A), 
Almost all leading manufacturers are turning 
toward this softly textured non-slip plastic 
because of its obvious superiority in T 
applications. Unlike fiberglass or acrylic surfaces, 
ROVEL won't peel, blister, crack, or delaminate. 
As a result, ROVEL is guaranteed to be much 
more durable than any other spa material. In 
fact, while most acrylic manufacturers have 
reduced surface warranties to just one year, 
HOT SPRING SPA has stood firm with a full five 
years' coverage. HOT SPRING SPA is the oldest 
and largest manufacturer of ROVEL spas in 
the world. 


2. CONVENIENCE AND EFFICIENCY. 

Most spas have very little thermal insulation, some 
have none at all! Just how important is insulation? 
It's the most important feature in private spa 
ownership! Uninsulated spas will physically not 
operate in colder climates, making spa use as 
seasonal as a swimming pool. Further, a marginally 
insulated spa forces the heater to run continuously, 
costing you money. Many manufacturers try to 
compensate for the lack of insulation and their 
inefficient "air blower" systems by offering gas, 
220v., or convertible heaters. While these options are 
viable in professionally installed, commercial or 
continuous use applications, they represent an 
unsafe, inconvenient, and costly alternative for 
residential use. The HOT SPRING SPA is filled SOLID 
with 130 Ibs. of polyurethane foam insulation (B) and 
includes a 37" thick insulating cover as standard 
equipment (C). This heavy insulation makes it 
economical to keep the 110v. HOT SPRING SPA 
heated to your desired temperature 24 hours a day, 
regardless of location. You can use your HOT 
SPRING SPA at any time, day or night, in ANY 
climate, and for just pennies. 


3. HYDROTHERAPY JETS. 

Vigorous jet action is the key to true hydrotherapy. 
Only the HOT SPRING SPA gives you the option of 
powerful fixed jets (22 p.s.i. at each jet) (D), and the 
unique stroking effects of the MOTO-MASSAGE™, 
The exclusive MOTO-MASSAGE JET glides 

m ts Ae and then down the entire length of 
your back in a continuous sweeping motion (Е). 
In addition, we provide a “warm air” control 
which can be reached from inside the spa so you 
can vary the intensity of the jets (F). These 
features combined with the STA-RITE Max-E- 
Glas pump provide the best hydrotherapy 
available today. (G). 


4. WATER CHEMISTRY AND FILTRATION. 
Look for a large water capacity when shopping for a 
spa. Units that contain less than 180 gallons make it 
difficult to maintain proper water chemistry and 
require frequent draining. In addition, a larger capac- 
ity aids in heat retention. The HOT SPRING SPA con- 
tains over 325 gallons of water. Unlike many portables 
that have overlooked the value of good filtration, the 
HOT SPRING SPA features a huge 45 square foot filter 
(H). Because of its size, it requires attention only 2 to 
3 times per year. Its top loading design allows you to 
inspect, remove and clean it without draining the spa. 
5. SEATING AND LIGHTING. 

The HOT SPRING SPA features a split level seating 
ring, built deep for comfortable reclining and total 
immersion (I). The barrier-free design eliminates the 
cramped, confined feeling of bucket seats, and 
allows you to move easily from fixed jets to moving 
jets or parts in between. The wide resting rim (J) 
provides an ideal perch for cooling off, or a safety 
bench for children. The HOT SPRING SPA also fea- 
tures an oversized underwater light with dimmer (K). 
Colored bulbs can be interchanged quickly and 
safely to create different effects. 

6, NO INSTALLATION. 

Simplicity of installation should be checked. An 
in-ground spa is the most difficult, requiring back- 
yard excavation, building permits and an expensive 
installation crew. Permanently wired 220v., and gas 
units are not much simpler, and com pletely elimi- 
nate the advantage of portability. The HOT SPRING 
SPA avoids these problems by requiring only com- 
mon household current to operate (110v. dedicated 
20 amp.) (L). Just fill it up and plug it in. Its unique 
"treated grid" system requires no specific foundation 
for set-up and, as a portable appliance, you can take 
the HOT SPRING SPA with you when you move. 


` A SPA IS A SPA IS A SPA? 


7. LISTED BY UNDERWRITERS 
LABORATORIES. 
The HOT SPRING SPA is completely listed by 
Underwriters Laboratories, the recognized experts in 
testing for safety. The importance of correct and safe 
electrical design should not be overlooked. Check 
for the U.L. Mark on the outside of any spa you're 
considering - you'll see it on the HOT SPRING SPA. 


We are proud of the quality features and 
performance we build into every HOT SPRING SPA. 
Each HOT SPRING SPA is an integrated design whose 
form follows function - the result of 10 years’ 
evolution toward an ideal. So, before you buy any 
spa by any other name, see and test the HOT 
SPRING SPA. It’s not the same. 


NOBODY BACKS 
YOU BETTER. 


Six models to choose from. Dealers nationwide. For a 
complete catalog and a dealer nearest you, please 
call: 800/243-9851. In California, call: 800/331-5832. 


WATKINS MANUFACTURING CORPORATION 
6225 El Camino Real, Carlsbad, CA 92008 


By Joseph Sugarman 

You are about to read something that 
you might find hard to believe. I know 
that I did. But if you read this, you'll be 
in for a pleasant surprise. 

Gene Clark is a carpenter in the village 
of Kihei on the island of Maui in Hawaii. 
When the local people got sick, they call- 
ed on Gene and he would give them a 
“treatment?” They would quickly recover 
and soon Gene would be back at work 
pounding nails. 

I discovered Gene by accident. I sprain- 
ed a leg muscle and the little old lady at 
the cottage told me to see Gene. “‘He’s 
not a doctor," she said, “but he’s per- 
formed miracles around here." 


BACK OF BEAUTY SHOP 


So I looked up Gene, met him in back 
of the local beauty shop and for a few 
dollars he gave me a treátment. He 
spread an oil-like substance over my leg 
and massaged the sore muscles. Within 
a few hours after he finished the pain 
seemed to disappear. 

The next day I was back in perfect 
shape, jogging and swimming as if 
nothing was ever wrong. Before I left 
Hawaii, I bought a sample of the oil from 
Gene. Then the miracles started. 

For the next year, whenever I had a 
stiff muscle or joint I would apply the oil 
and in a few hours the pain seemed to go 
away. I even ran tests. Whenever I ex- 
ercised and got a few stiff muscles, I 
would apply the oil on one side of my body 
and nothing on the other. Sure enough, 
the one side without the oil would remain 
stiff while the side with the oil would be 
fine in a few short hours. 

Soon, I started using the oil before I ex- 
ercised and discovered that both my 
strength and endurance increased. Then 
I used the oil on just one arm and notic- 
ed my strength in that arm increased. 


CLINICAL TESTS 

After all my experiments, I felt that I 
had discovered some mysterious Hawai- 
ian secret and maybe a revolutionary pro- 
duct idea. I flew to Maui once again to 
find out the secret to this mysterious oil. 

I met Gene for lunch and told him that 
his oil should not just be limited to his pa- 
tients. If the oil could be sold nationally, 
he could give up pounding nails for a liv- 


Miracle Oil 
of Hawaii 


| discovered the oil b y mistake. 
But what it did was no mistake. 
| was experiencing a miracle. 


"| don't want to be famous;' he insists. 


Gene Clark tries to block this shot of 
himself in front of the beauty shop. 


ing and ereate his own health spa. Gene 
listened. And, as we talked, he finally 
unveiled the secret to his miracle oil. 

The oils are made from plants. It seems 
that every plant has what is called ‘essen- 
tial oils’ and the essential oils to a plant 
is what our blood is to us humans. For ex- 
ample, when a plant is attacked by a 
fungus, the essential oils change quickly 
to combat the fungus by producing an- 
tifungal properties just like our blood car- 
ries antibodies to fight disease. 

There are some essential oils produc- 
ed by plants that testing has proven can 
penetrate through layers of human skin. 
These oils then go straight to the muscle 
tissue to soothe those muscles and relieve 
pain by helping to eliminate the by pro- 
ducts of muscle stress such as lactic acid. 
Circulation in the area is also improved. 

Only a few people in the world know 
how to grow plants to cause them to pro- 
duce the essential oils that can help 
humans. The oils have to be extracted in 
an age-old method passed down from one 
family to the next. And it takes thousands 
of pounds of plants to produce just a few 
ounces of the essential oils. 


TOO EXPENSIVE 

Gene described the many steps re- 
quired to create the oil and one conclu- 
sion was clear. Because of the thousands 
of pounds of plants required to make just 
a few ounces of the essential oil, the oil 
was too expensive to market as a replace- 
ment for the common over-the-counter 
preparations. A small 12 ounce bottle 
would cost $240. 

Then it hit me. I recalled that my treat- 
ment with Gene only required a few drops 
of the oil. The other products on the 
market required the application of much 
more oil and were a lot less effective. 
They left an oily residue and often had 
a strong odor where Gene’s oil did not. 

So I convinced Gene to supply me with 
small containers of the substance to 
market to my customers in two small one 
ounce bottles which I promised to name 
after him, ‘‘Clark’s Rubbing Oil." With 
the small-sized bottles, there’s enough oil 
to supply any serious athlete, anybody 
with muscle problems or anybody who 
wants to excel in their sport. With 


average use the oils should last a few 
months depending on the amount applied. 
Then came the breakthrough. 

Before I sold a single bottle I conducted 
clinical tests. I was no longer going to be 
the only judge of my new product’s ef- 
ficacy. Sure enough, weight lifters using 
the oil saw as much as a 20% increase in 
their strength compared to those athletes 
who did not use the oil prior to exercise. 
That was all I needed. 


EXPERIMENT WITH HALF 

Let me send you two one ounce bottles 
of Clark's Rubbing Oil. Rub the oil from 
one of the bottles on your body before you 
exercise or where you have pain. Experi- 
ment with half your body using the oil on 
one side and nothing on the other. Ex- 
perience for yourself the effect of this 
outstanding new product. 

If, for some reason, you do not notice 
a dramatic difference—one so noticeable 
that you know within the first few ap- 
plications, then keep the oil from the bot- 
tle you've used and return the unused 
bottle for a refund of your full purchase 
price. No questions asked. 

But if my hunches are correct, you'll 
find so many uses for it, that you'll 
become one of our steady customers. 

Gene Clark has just opened his new 
health spa. He has some of the finest 
equipment on the entire island and will 
be selling hundreds of bottles of his new 
oil. And hopefully, so will we. 

Why not discover what Gene, a small 
group of athletes and I have already 
discovered? Try Clark's Rubbing Oil at no 
obligation, today. 

To order, credit card holders call toll free and 
ask for product by number shown in paren- 
theses or send a check plus $3.00 for delivery 
to the address below. 

Trial Order (1660BB3)......... $29.95 


PS: Gene's spa is located at 101 Kihei Road in the 
Kealia Beach Plaza Shopping Center in Maui. 
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Consumer Challenge TV 
show picks BluBlockerw 
sunglasses as target for 
investigative report and 

ends up with surprise. 


By Joseph Sugarman 

We were upset. Our advertisement for 
BluBlocker high resolution sunglasses was 
selected to be exposed by the new commer- 
cial TV production, Consumer Challenge. 

"Is this advertisement about a major new 
product breakthrough or a real rip off?" ask- 
ed the show's host, Jonathan Goldsmith. 
“We're going to find out.” 

If you've ever watched 60 Minutes or 
20/20 you could undérstand our fear. We 
were running the risk of Consumer 
Challenge taking a great product and ruin- 
ing it on the air. Sales could plummet and 
our product could be destroyed by some 
clever editor or a jealous producer. But we 
were totally wrong. 


TOTAL PRAISE 

By the end of the show, the entire staff 
praised the product in one of the best com- 
mercial endorsements any product could 
ever receive. Said one of the reporters, Don 
Hale, “We had a difficult time finding 
anybody who would even consider knocking 
the product. Everybody liked it. Our entire 
staff wears them now.” 

This praise is only the beginning of what 
has been an outpouring of endorsements for 
the product. During the show, the reporters 
interviewed Keith Hernandez, star first 
baseman of the New York Mets who 
reported that it was his favorite pair. 

"We interviewed movie stars, famous 
football players, baseball players and hun- 
dreds of customers. I have never found a 
product that had such universal appeal," 
said Kathy Graf, another reporter on the 
show. 

BluBlocker sunglasses are one of the best 
selling new concepts in sunglass technology. 
The lenses on BluBlockers filter out both 
blue and UV light to produce one of the 
most pleasing visual effects ever created for 
any pair of sunglasses. And for good reason. 

Ozone is slowly being depleted from our 
atmosphere by pollution. Without sufficient 
ozone to fully protect us, ultra violet or UV 
light is causing a dramatic increase in both 
skin cancer and eye diseases such as 
cataracts. “This is not a case of a small in- 
crease. It's very dramatic." stated one of 
the interviews. 


Surprise 


The sunglasses in question. 
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“Is ita breakthrough or a rip off?" "m knew they were serious. 


Sunglasses are not the answer either. In 
fact, it was concluded that some sunglasses 
could be dangerous because they caused 
your pupils to open wider and allow more 
of the UV light to enter your eyes. 


FILTERS OUT BLUE 

BluBlockers not only block out the 
dangerous UV light from the atmosphere 
but filter out the blue light as well. Blue 
focuses slightly in front of the retina which 
is the focusing screen in your eye. By 
eliminating the blue, everything appears to 
be in sharper focus, clearer and creates 
almost an enhanced 3-dimensional ap- 
pearance. The results are impressive. 

You see better, clearer and with greater 
resolution. Tom Brakefield, a famous 
wildlife photographer was sitting on the 
front steps of his cabin when he noticed a 
mountain in the background that he hadn't 
observed before. Because of BluBlocker's 
high resolution, I've been able to see objects, 
I never even knew existed." 

Dave Johnson, the number 2 ranked USA 
decathlon champion wears BluBlockers 
when he performs all 10 of his events in- 
cluding the high jump, the pole vault and 
the javelin throw. ““BluBlockers make me 
feel more relaxed and give me a definite 
edge over my competition. I actually ex- 
perience the optical perfection in the 
lenses?’ 


GREATEST ASSET 

The optical perfection is the greatest 
asset in BluBlocker sunglasses. Each lens 
is made of Malenium-99rm—one of the 
strongest yet finest lens materials possible 
for high resolution and clarity. Anybody can 
produce a lens that approaches the Blu- 
Blocker quality, but nobody takes the care 
that the BluBlocker organization takes in 
their lenses. 

JS&A offers three models of BluBlockers. 
One is an anodized high-tech aluminum pair 
with a flexible spring hinge. The second is 
a polarized version using the aluminum 
frame and hinge and the third is our preci- 
sion plastic pair without the spring hinge. 
All three models utilize the same quality, 
high resolution BluBlocker lenses and come 
complete with padded carrying case and a 


one year no-nonsense limited warranty. All 
three are designed to fit both men and 
women with almost any sized face and all 
models look identical. There is also a high 
quality clip-on model that fits over prescrip- 
tion lenses. 


EXPERIENCE THE MIRACLE 

I urge you to order a pair during our 
30-day trial period. When you receive them 
see how light they are. Then experience the 
miracle of BluBlockers. Put them on. 
Everything will suddenly appear clearer, 
sharper and with an enhanced 3-dimensional 
look. You will notice a dramatic difference 
immediately—especially in sunlight. 

If, for any reason, you are not pleased in 
any way with your pair, no problem. I give 
you up to 30-days to return them in the 
reusable carton that comes with each pair 
for a prompt and courteous refund. 

If anything happens to your pair during 
the first year of use, return it to me for a 
prompt replacement. You won't find that 
type of warranty on any other pair of 
sunglasses. 

Obviously we are very proud of our 
achievement with the Consumer Challenge 
TV show. Whenever you can convey a very 
positive image of your product on a commer- 
cial TV produetion, it is very encouraging. 
If you have a chance, catch Consumer 
Challenge in your area. Check local time and 
listings. But don't let any more time go by 
before you buy your first pair of Blu- 
Blockers. Order a pair, at no obligation, 
today. 

To order, credit card holders call toll free and 
ask for pr roduct by number shown below or 

с 


send а check plus $3 for delivery. 

Polarized Deluxe (0032PP3) ...... $99.95 
Aluminum Deluxe eer ee рына 69.95 
Clip-On Model (0028PP3) ......... 29.95 
Precision Plastic (0081PP3) .......39.95 
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CALL TOLL FREE 800 323-6400 
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place with ion-controlled fresh 


Clean. 
Fresh Air 
Bubble 


Surround your body or your work 


air in America's finest bipolar 
electrostatic home precipitator. 


By Joseph Sugarman 

There'sareal danger. And thisinvisible 
menace will affect nearly everybody 
reading this ad. 

The danger is pollution—but not the or- 
dinary kind. In fact, ten years ago, we 
didn't have this new kind of pollution. 

Ten years ago, cars didn't have catalytic 
converters. Today, these devices “grind 
up" the car exhaust into particles so small 
they form micron soot, and micron soot is 
so fine, it can be easily absorbed into your 
lungs. Even the EPA hasstated. “Because 


EE itissofine, such soot particles stay longer 


and cause more damagein the respiratory 
tract." | 
POLLUTION TRAP 

Ten yearsago, homes were able 
to “breathe” or exchange air 
between the outdoors and in- 
doors four or five timesa day. 
Today our well-insulated 
energy-conscious buildings 
and homes create and trap 
pollution that we breathe 
unwittingly. 

There are other prob- 
lems too. Add the daily soot, 
dust,smoke and other im- 
impuritiesin theair and you've 
created pollution problems even 
worse than they were ten years 
ago—so bad that environmental 


| groups are especially concerned over 


this new “time bomb” lurking in our 
environment. 

But American ingenuity hasn't been sit- 
ting still. A rash of small devices contain- 
ing charcoal filters with fansand selling for 
around $30 have flooded the market. But 
these devices only remove particles 5 
microns or larger. Today's micron soot is 
one micron or smaller. Cigarette smoke for 


| example is 2 to 3 microns or smaller. 


70,000 UNITS SOLD 
In 1978, JS&A introduced the negative 
ion generator in a national advertising 
campaign and sold over 70,000 units. It was 
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a device 
that clean- % 
ed the air by — 
electrostatically removing particles even 
smaller than one micron. Hospital burn 
centers soon began using commercial ver- 
sions of the negative ion generator. 

Removing sub micron particlesfromthe 
air was very important, but there was also 
asurprising second benefit. The unit add- 
ed negatively charged ions to the air. 


We'veallfelttheeffects of negativeions 
after a thunderstorm. When you take a 
deep breath, the air smells good and you 
feel good. 

The opposite is true of positiveions 
which can be found in polluted 
environments, air 


in just а few conditioned of- 
syou'lisee a bald; 

the soot апа Ce buildings and 
dirt that would in automobiles. 
have been іп Many scientists 


your lunge. believe that posi- 


tive ions make 
you feel moody, 
depressed, irri- 
table and rest- 
less. A negative 
ion generator 
cancels out the 
ositive ions and 
fills the air with nega- 
tive ions. When you blow 
smokeinto an inverted glass bow] and 
put it over anion generator, the smoke im- 
mediately vanishes. Or if you place the ion 
generator in an odor-filled room, the room 
soon smells fresh. 

It was these experiments that really con- 
vinced the public that the JS&A ion 
generator was a valuable new home 
appliance. 

JS&A had American scientists create an 
ion generator with a bipolar emitter which 
emits a balanced amount of negative ions 
tocreateacontrolledion environment. Опе 
emitter produces negative ions and the 


The unit measures only 2" x 4" x 7" 
and its black and wood grain styling 
will fit Into most decor. 


other controls and shapes the ions 
to create an ion bubble. 

The end result is a unit which 
leaves just the right amount of 
negative ions inalarge room, at- 
tracts the pollution particlesand 
deposits them on a beautiful 
wooden collector while keeping 
your floors and walls free of dirt. 
You're actually placed in a fresh air 
bubble while you work, sleep or relax 

and with nouncomfortable electrostatic 
charge. It'sthebestunitand we'll proveit. 

We'll enclose a white paper filter which 
you can place over the wooden collector. 
If the white paper is not blackened with 
micron soot after only ten days, please send 
your unit back for a full refund and we'll 
alsorefund your $3 postage and handling. 
And youcan makethetest anytime within 
30 days after you receive your unit. 

The white filter test will prove just how 
dirty your environment really is and it will 
also prove the unit's effectiveness. 


REFRESHING DIFFERENCE 

The new improved model, shown above, 
contains twice the ion output of our 
previous models with a dial to adjust the 
ion output level. 

Weurge youtotry the Fresh Air Bubble 
in your home or office. Put one on your desk 
or in any smoke-filled room. Notice the 
refreshing difference in your work en- 
vironment. Takeithomeand plug itin next 
to your bed. Chances are, you'll want to buy 
another one before our 30-day trialends. | 

We'llsend youtheFresh Air Bubblecom- | 
ү with instructions and а one year 
limited warranty. Then plug itin and leave 
it run all day and night. It costs only a few 
cents per day in electricity.. 

The era of the bipolar electrostatic 
precipitator as a home appliance is here. 
Order the best unit available at no obliga- 
tion, today. 

Toorder, credit card holders call toll free 
and ask for product number 7056PP2 or 
send a check for $99 plus $3 delivery. 
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Russia 
Strikes 
First 


Soviets discover psychic 


powers as new weapon. 
All Americans affected. 


By Joseph Sugarman 

It was top secret. And even if 
somebody told you about it, you’d have 
a rough time believing it. 

It started with the Russian space pro- 
gram. The Russians had discovered that 
astronauts who had the best intuition 
made the best decisions. And in crisis or 
war, better decisions could mean victory. 


But they made an even more significant 
discovery that was to shake the founda- 
tions of NASA—our very own space 
agency. The Soviets discovered that they 
could actually teach people to have bet- 
ter intuition, thus increasing their psychic 
powers and consequently capture a decid- 
ed military advantage. 

MILITARY ADVANTAGE 

Imagine being able to sit behind the 
controls of a military jet and predict what 
your opponent will do. Or know in ad- 
vance if it will be safe for you to even fly 
that day. 


Millions of dollars later, NASA, under 
a major research program, developed a 
teaching machine that would accomplish 
what the Russians had spent 20 years of 
research to discover. But NASA kept it 
secret. And for good reason. The 
American public was not ready to accept 
psychic phenomena as a military tool even 
in this era of space ships and Star Wars. 


A group of scientists who worked on 
the project for NASA felt however, that 
they could create the same psychic 
teaching system that NASA developed 
for its astronauts and reduce its cost so 
that the average American could afford 
one. The entire country would then 
benefit. And so the first psychic teaching 
system was created. It is called 
Perceptron. 


The principle behind Perceptron is sim- 
ple. We all have psychic ability. Have you 
ever picked up the phone to hear 
somebody you had just thought about? Or 
how about those times when your intui- 
tion told you one thing and you did 
another only to discover that your intui- 
tion was right. 


But our psychic powers often come at 


America strikes back with space-age answer. 
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"Could this be better than a Star Wars defense?" 


fleeting moments. If we could, however, 
remember our feelings when those 
moments occur, and then learn to 
recreate those feelings at will, we will 
become more psychic. Perceptron teaches 
you to discover those feelings. 


ELECTRONICALLY PRE-SELECT 

The unit has four different colored keys 
on which you place your fingers. Percep- 
tron then electronically pre-selects one of 
those four colors and you have to guess 
which one the unit has selected. If you 
guess the correct color, you score a point. 
If not, the unit displays the correct color 
it picked. 


At first, you'd be lucky to guess just a 
few correct answers out of a series of 24 
chances. That happened to me. But the 
more I used Perceptron, the better my 
average became. 


I then discovered that whenever I 
guessed right, I had a certain feeling. And 
whenever I was able to invoke that feel- 
ing my score would improve. 

Then came the breakthrough. I was in 
New York on a photo assignment to take 
pictures of a famous baseball star. His 
team had lost the past few games. After 
I finished taking his picture and as I was 
walking off the field, I remembered that 
special feeling that Perceptron had 
helped me discover. I then turned to the 
ball player and said, “Don’t worry, Keith, 
you'll win tonight by a score of 3 to 2 and 
you'll have an evening you'l never 
forget: 


OUTGUESS COMPETITION 


That night his team won 8 to 2 and he 
indeed had an evening he'll never forget. 
Although my experience in predicting a 
ball score may seem rather trite, I have 
since used my newly trained ability to 
dramatically build my business and 
outguess my competition—often doing 
things that defied logic but worked out 
well. But I'm not alone. Hundreds of peo- 
ple are already using their intuition for 
everything from predicting the stock 
market to understanding their friends. 
And it's only the start. 


I urge you to test a Perceptron and 
discover your psychic abilities while you 
train your intuition. Order one from 
JS&A on our 30-day free trial. When you 
receive it, use it for a few weeks. Watch 
as you gradually tune into your intuition 
and increase your score thanks to the 
same teaching system developed for 
NASA. But use it for other things. Liven 
up your next party and discover your 
psychic friends. Use it on a date or to pick 
your favorite stock. 


Then, after a full 30 days, determine if 
you have indeed dramatically improved 
your psychic ability. If so, continue to use 
the unit to fine tune your intuition and 
develop a level of psychic ability that will 
help you in every aspect of your life. 


But what if Perceptron doesn't work 
for you? No problem. Return the unit for 
a prompt and courteous refund. No ques- 
tions asked. 


COMES COMPLETE 


Perceptron comes complete with a com- 
prehensive booklet that discusses psychic 
ability and intuition, an instruction book- 
let and a one-year limited warranty. Each 
unit measures 6 x 644 x 3" high and re- 
quires 4 AA-Cell batteries (not supplied). 

Do you have psychic powers? How good 
is your intuition? Find out and reach a 
level of success you've never dreamed 
possible with the Perceptron. Order one 
at no obligation today. 


To order, credit card holders call toll 
free and ask for product by number 
shown below or send a check plus $4.00 
for delivery. 

Perceptron (1111CC9) . . $39.95 


Сетер гоп is a trademark of Fairfield Marketing 


One JS&A Plaza, Northbrook, Illinois 60062 
CALL TOLL FREE 800 323-6400 


IL residents add 7% sales tax. ©JS&A Group, Inc.,1987 
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This helicopter needs only a main rotor for 
directional control and stability. Fan-driven 
pressurized air flowing out of two slots in 
the tail boom generates an anti-torque side 
force, eliminating the need for a tail rotor. 


By NAOMI J. FREUNDLICH 


covered my ears as the modified McDonnell Douglas 
OH6 helicopter began winding up for its takeoff. First, 
the turbine engine whined into action. Then came the 
“thwap, thwap, thwap” as the main rotor blades stroked 
the air. Missing was the loud, low-pitched chopping noise 
of the tail rotor. Instead, I heard the high-pitched whine 
of a fan. As my eyes ran along the fuselage, I saw why: 
This unwieldy-looking copter had no tail rotor. But in- 
stead of spinning out of control, it hovered, climbed, and 
Continued 
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DOWNWASH 
| L PRESSURIZED 
ANTI-TORQUE v TAIL BOOM 
FORCE Су 


AIR 
QNTAREN 


/ // NARIABLE-PITCH FAN 
CIRCULATION CONTROL SLOTS 


x THRUSTER 


The key parts of the NOTAR concept are 1) the variable- 
pitch fan that pressurizes the tail boom; 2) circulation 
control slots in the tail boom that send out jets of air to 
redirect the rotor downwash around the boom; and 3) the 
jet thruster at the end of the tail boom. The detail shows 
how the slots provide an anti-torque force. 
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LESSONS— Clear, well illustrated 
texts build your understanding 
of computers step-by-step. 


DISK SOFTWARE— 
including MS-DOS, GW 
BASIC, WordStar, 
and CalcStar. 
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MHz turbo speed. | 


Train with NRI 


Get started now by building this 
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TECHNICAL MANUALS 
—with complete specs on 
Sanyo computer and 
professional programs. 


DISCOVERY LAB—Using it, 
you construct and test 
circuits like those used 

with computers. 


DIGITAL 
LOGIC 
PROBE— 
Simplifies 
analyzing digital 
circuit operation. 


fully IBM PC compatible computer 


Now you get it all. . . training for America's 
fastest growing career opportunity . . . 
training to service all computers. . . 
training on the newest total computer 
system, the Sanyo 880. Only NRI can give 
you the well-rounded training you need, 
because only NRI gives you a complete 
computer system. . .computer, monitor, 
disk drive, software, even test instruments 
like a digital multimeter and logic probe to 
work with and keep. It all adds up to 
training that builds the knowledge, 
competence, and ability you need to 
succeed as a computer service specialist. 


Get inside the newest, fully IBM PC 
compatible Sanyo Microcomputer 

As an NRI student, you'll get total 
hands-on training as you actually build 
your own latest model Sanyo 880 Series 
computer from the keyboard up. It's fully 
IBM PC compatible and, best of all, it 
runs programs almost twice as fast as an 
IBM PC. As you assemble the Sanyo 880, 
you'll perform demonstrations and 


experiments that will give you a total 
mastery of computer operation and 
servicing techniques. You'll do program- 
ming in BASIC language—even run and 
interpret essential diagnostic software. 


Understanding you get only 
through experience 

You need no previous knowledge to 
succeed with NRI. You start with the 
basics, rapidly building on the fundamen- 
tals of electronics with bite-size lessons. 
You perform hands-on experiments with 
your NRI Discovery Lab and then move 
on to master advanced concepts like 
digital logic, microprocessors, and 
computer memories. 


Learn at home in your spare time 
You train in your own home at your own 
convenience, backed at all times by your 
own NRI instructor and the entire NRI 
staff of educators and student service 
support people. They re always ready to 
give you guidance, follow your progress, 


and help you over the rough spots to keep 
you moving toward your goal. 


100 page free catalog tells more... 
send today 

Send the postage-paid reply card today 
for NRI's 100 page catalog that gives all 
the facts about computer training plus 
career training in robotics, data com- 
munications, TV/audio/ 
video servicing, and 
many other fields. If 
the card is missing, 
write to NRI at 
the address 
below. 
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McGraw-Hill Continuing Education Center 


3939 Wisconsin Avenue 
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Washington, DC 20016 


We'll give you tomorrow 


NEW FREE BOOK 
DISCUSSES 


HOW TO 
SELL YOUR 
INVENTION 


Do you have an invention you intend 
offering to manufacturers on a sale or 
royalty arrangement? If so, by all 
means write for our free booklet as a 


guide, whether you do it yourself, or ! 


employ us to help you. 
It’s free for the asking and here are 
just some of the subjects it covers. 


* How to Describe Your Invention so | 


Manufacturers will take Notice 
* The Next Step to Take if a Manufac- 
turer Shows Interest 
* Approximate Royalty Rates Man- 
ufacturers are Currently Paying 
e [f Your Invention is Sold Outright 
for Cash 
* Or, Part Cash, Part Royalty 
* Submitting Your Invention Before 
Patenting 
Our reason for giving away information 
we've gathered over our 26 years in this 
business is simply that we hope you 
read it and employ us at our reasonable 
fee rather than do it yourself. But that 
will be for you to decide. 
But understand, we are not promot- 
ers, developers, brokers. Ours is a tech- 


nical service of writing descriptive 


materials for your invention and select- 
ing the right manufacturers who poten- 
tially should be interested in it. The 
materials we prepare are your property. 

We are not patent attorneys. For 
questions relating to proprietary rights, 
searches, patentability, you should con- 
sult a Registered Patent Attorney. 

But back to the booklet. We want you 
as a client but only if, after reading it, 

ou think you need us. Otherwise the 
nokie will show you how to do it your- 

Use the coupon below. We'll rush the 
booklet to you. No obligation whatever. 
(But please no drawings or models at 
this point.) 

REFERENCES: Your own bank, at- 
torney or Chamber of Commerce. 

Mail the coupon Today. Please en- 
close $1 for postage and handling. 
Kessler Sales Corp.,Dept. D-710 Fre- 
mont, Ohio 43420. 


г MAIL THIS COUPON J 


J Mr. К. О. Kessler, President ii 
ü Kessler Sales Corporation 
E Dept. D-710 Fremont, Ohio 43420 | 
| Please mail me the FREE booklet explaining i 
§ how to go about selling my invention. This 
y does not obligate me in any way. I am enclos- 
ing $1 for postage and handling, so rush the à 
Ш booklet by return mail. Й 
н Name , 
fi 1 
B Street Address i 
ii City State — Zip i 
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sped forward with impressive agility. 

The job of a helicopter’s tail rotor 
is to counter the rotational torque 
caused by main rotor propellers. The 
McDonnell Douglas system, called 
NOTAR, for no tail rotor, uses air flow- 
ing from a pressurized boom to create 
sideways lift that counters this torque 
[see "X-wing," July]. 


Lighter, quieter, safer 


According to Sam Cybak, an engi- 
neer on the NOTAR project, helicop- 
ter designers want to eliminate the 
tail rotor for several reasons. One is 
simplification: Getting rid of tail-rotor 
hardware means less weight and fewer 
mechanical parts to break down. And 
because the NOTAR will be much qui- 
eter than conventional helicopters, it 
could be valuable for noise-conscious 
urban areas and for military purposes. 
But perhaps the biggest plus for rotor- 
less helicopters is improved safety. 
One-half of all tail-rotor accidents are 
caused by the rotor hitting something. 

The NOTAR concept (see drawing), 
Cybak explains, is useful for any size 
helicopter. “When you're in a hover, 
there is a high volume of air being 
blown down from the main rotor, and 
the wash extends over most of the tail- 
boom portion of the helicopter," Cybak 
says. "If you emit a tangential jet of 
slightly pressurized air (Ye pound per 


Video phones 


At the 1964 New York World's Fair 
everyone gawked at Bell Telephone's 
new "picture phone." Its video screen 
was small and its black-and-white im- 
ages blurry, but the company's sales- 
men optimistically predicted that by 
1980 at least a million homes and 
businesses in the U.S. would enjoy 
much-improved, affordable versions. 
This hasn't happened, of course. 
Now, however, interest is running 
strong in high-quality visual commu- 
nication systems for businesses that 
could reduce the amount of time and 
money invested in traveling to meet- 
ings. At least six new, relatively small 
companies dotted across the country 
are today producing vastly improved 
versions of the device that Ma Bell 
couldnt sell. Even the cheapest of the 
new video phones is still too costly for 


{| casual use. Long-distance transmis- 


sions cost as much as $2.50 a minute, 
and some basic installations can run 
as high as $400,000. But for indus- 
trial, commercial, and other special 
users, they are a bargain. 

One of the newest suppliers in the 
fledgling video-phone field, Video Tele- 


| Single-rotor helicopter continued 


square inch) along the tail boom, it 
entrains the downwash air, creating 
side lift just like a wing.” During a 
hover, side lift produces about two- 
thirds of the required anti-torque 
force. Direct thrusters at the end of 
the boom provide the remaining one- 
third of the required force. 

These direct thrusters, which also 
provide directional control, are acti- 
vated by rudder pedals in the cockpit. 
The thrusters consist of two horizon- 
tal concentric cones, which open to 
either side. The inner cone directs 
air sideways, while the outer cone can 
be rotated to change both the direc- 
tion and amount of air that exits the 
thruster. Increasing the fan-blade 
pitch increases airflow to the thruster 
for side-to-side maneuvering. 

In forward and rearward flight, the 
downwash cone flattens out and misses 
the slots, Cybak notes. Directional sta- 
bility is then provided by the vertical 
tail fin and thrusters. 

The main drawback of the present 
NOTAR copter is that the boom fan 
is power-hungry. “We need more power 
going to forward momentum and less 
to the tail boom,” Cybak says. Top 
speed of the current OH6 NOTAR is 
about 140 mph. The NOTAR concept 
is now being proposed to the Army 
(which helped sponsor the project) and 
other potential users. 


com of Austin, Texas, is cutting ini- 
tial costs by taking a practical ap- 
proach: offering systems that work 
through ordinary personal computers. 
This means that the special viewing 
rooms essential to some other instal- 
lations aren't necessary. 

Each Video Telecom installation 
requires a $10,000 video switch and 
a $6,500 network exchange for each 
terminal. The company foresees new 
markets for its equipment, such as law 
courts that will be able to operate 
without physically bringing together 
the participants in some legal actions. 
Thanks to the high fidelity of his 
firm's closed-circuit TV, Video Tele- 
com's Larry Seligman points out, many 
Items presented as evidence in trials 
wont have to be passed from hand to 
hand. Among other uses, he also fore- 
sees systems in hospital operating the- 
aters, enabling specialists across the 
country to observe medical procedures 
simultaneously. 

Optimistic market analysts predict 
that by 1990 “tele-conferencing” will 
be a $5-billion-per-year industry. Selig- 
man agrees. "Ask children to draw pic- 
tures of what they think tomorrow's 
telephone sets will look like, and 
the kids always draw TV screens.”— 
David Lampe 
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Save Gas, Save Engine 


Alp 9 Increases 
RÎ gas mileage. 
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horsepower. 


e Reduces 
friction and 
wear-engines 

Saat ESEL БИРР Е: run cooler and 
| "US QuART/ 945 UTER 7 last longer. 

® Makes starting easier. 

e Improves performance. 


® Not an oil additive — but a one 
time metal treatment. 


e Contains TFE — a lubricating 
chemical used on the U.S. Space 
Shuttle. 


® Tested and accepted by Con- 
sumers Digest andthe F.A.A (see 
below) 


© For use in gas or diesel engines. 
e Over 4 million quarts sold! 


e Provides extra lubrication that 
lead used to provide. 


e Fast toll free number. 


Slick 50 is a one-time engine treat- 
ment made of Polytetrafluoroethy- 
lene (TFE) the slipperiest substance 
known to man. (1981 Guiness Book 
of World Records, p. 188) 

Slick 50 permanently bonds to all 
internal parts of your engine — cylin- 
der walls, rings, camshafts and bear- 
ings. Allows these surfaces to glide 
over each other almost friction free. 

The**Consumers Digest” maga- 
zine (March/April 1982, p. 35) states 
“Slick 50 does reduce engine heat 
and ordinary wear, and our informal 
tests indicate that it will improve gas 
mileage. .... Slick 50 does exactly 
what Petrolon claims it does.” 

The Federal Aviation Adminis- 
tration has fully accepted a similar 
product- Slick 50 Aircraft Treatment 
(F.A.R. #33.49). An FAA test simulat- 
ing 1400 hours of engine use showed 
almost zero engine wear! 

A test done at the San Diego 
State University revealed that, “Slick 
50 does increase horsepower and 
decreases fuel consumption in tests 
done at the university.” The Space 
Shuttle Columbia uses the chemi- 
cal "poly" in its gears and bearings 


„with Slick 50 


because it is the only chemical lubri- 
cant which can withstand the heat 
and corrosive elements of space. 

TUV,aGermantesting laboratory 
with credentials every bit as pres- 
tigious as our Underwriters Labora- 
tories, tested Slick 50 in 1986. They 
found substantial increases in both 
gas mileage and horsepower. Their 
tests showed that these gains were 
due to a reduction in friction. No 
negative effects were found in the 
test. 

Perhaps the most dramatic of all 
is a torture-test overseen by the 
Automotive Services Council for 
Pennsylvania and shown on tele- 
vision station WTVE. Three cars with 


between 75,000 and 129,000 miles 


on them were treated with Slick 50. 
Six months later the oil was drained 
from each vehicle andthe cars were 
driven without the oil plugs for about 
a half hour. The water temperature 
never rose and the engines sus- 
tained no apparent damage. 

Slick 50 is suspended in an excel- 
lent grade of petroleum oil that is 
API rated and meets or exceeds 
every manufacturers engine war- 
ranty requirements. Slick 50 works 
with all petroleum based oils and all 
synthetics that are compatible with 
petroleum based oils. Just add one 
quart to the crankcase at oil change, 
leave it in for 3,000 miles, and your 
engine is permanently coated. Add 
2 quarts for engines with oil capaci- 
ties of 7 quarts or more. 
DEALERSHIPS ARE AVAILABLE. 

Freeshipping with orders of 2 or 
more. For purchase or further infor- 
mation, calltoll free: 1-800-22-SLICK, 
(that is, 1-800-227-5425); in Colorado, 
call 1-303-772-4797 or send to: FORT 
MORGAN SLICK 50, 407 Del Rio 
Road, Berthoud, Colorado 80513. 


A à à m m dà B E NH E dH B M ^ ^" B M à W Bé B NW B M M в B RM 4 в =ош п see 


[] | enclose $39.95 + $4.00 shipping & hand. 
o | want 2 or more (free shipping & handling). 


D Check о C.O.D. О Visa/MC 

Qard* Екр 

Name 

OO Loo AIL mi 
(GIVE STREET ADDRESS FOR U.P.S. DELIVERY) 

c | —————— J—— Башы 

State LL B Bra: ART |. 


Exciting NEW 
Car Wax 


In Colors! 


e Helps restore original colored beauty. 
e Eliminates swirl marks. 

e Eliminates white residue and powder. 
e Covers tiny door nicks and scratches. 
e Made with pure carnauba. 

e No abrasives. 

e Easy on, easy off. 

e 10 colors to choose from. 

e Inexpensive ($9.95). 

e Absolute satisfaction auaranteed. 

e Toll free number for fast service. 


The KolorKey company has introduced an 


| excitingnew concept- colored car wax. Kolor- 


Key will help restore the original colored beauty, 
covertiny door nicks and scratches, and leave 
your car with a tough, protective high gloss 
shine. It will eliminate those white swirl marks 
and white residue and powder that all other 
wax leaves, thus eliminating tedious detail 
work. 

KolorKey uses only the finest, most expen- 
sive, pure carnauba wax and does not contain 
the harsh abrasives that all other waxes have 
in them. Unlike other waxes that become hard 
to get off after drying, KolorKey's patented 
process is easy on, easy off. 

KolorKey comes in 16 oz. bottles, enough 
for 2 to 3 waxes each. It is good for all types of 
paints and finishes. Ten colors are available 
for you to choose from: black, red, brown, 
yellow, silver/gray, burgundy, green, navy, 
light blue and natural (clear). Choose the 
color that most closely matches your car. 

Youmust be absolutely satisfied with Kolor- 
Key or we will completely refund your money. 

Dealerships are available. 

Free shipping with orders of 4 or more. 

For purchase or further information, call 
toll free 1-800-227-5425 (in Colorado, call 
303-772-4797) or send to KolorKey, 407 
Del Rio Road, Berthoud, Colorado 80513. 
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BSR's Endangered Colossus 


Prepare for bone jarring bass and dramatically clear highs from these newly developed 15" 3-way 5 speaker 
systems that nearly missed their chance to charm an audiophile's ear. BSR moved its dbx and ADC divisions 
into one facility and these speakers almost became orphans. So now, imme yours at a close-out price. 


By Drew Kaplan 

It's ashame. But, it's also a great oppor- 
tunity to get a pair of 15" audiophile 
loudspeakers with the newest in stereo 
imaging at a market-breaking price. 

Imagine a precisely matched mirror 
image pair of top-of-the-line BSR speak- 
ers that can effortlessly recreate the cata- 
clysmic impact of a full orchestral cre- 
scendo at full volume and yet offer flaw- 
lessly subtle sound detail їо 21,500hz. 

You'll thrill to thunderous bass all the 
way down to 26hz. Incredibly rich, full, 
vibrant sound at low volume will explode 
with life as you increase the volume. 

But before we examine the front speak- 
er complement, the twin overlapping 
crossovers and the top mounted sonic 
placement and ambiance speakers, let's 
see why they were almost orphaned. 

You see, BSR, the half billion dollar 
electronics giant, is the parent company 
of two of the best names in up-scale 
audio, dbx and ADC. 

Last year dbx developed a new multi- 
thousand dollar speaker system called 
the Soundfield One which lets you sit 
virtually anywhere in your room and have 
full stereo imaging and terrific sound. 

BSR decided to consolidate ADC and 
dbx into one building (still 2 companies) 
and put all its speaker efforts into dbx. 

POOR JACK 

Well, while dbx's engineers were off 
designing their multi-thousand dollar 
masterpieces, BSR's Senior Acoustical 
Engineer (he had been Fisher's Chief 
Engineer for 10 years during its top end 
component stereo days), was designing 
BSR's radically new speaker line. 

The revolutionary top of the line 15" 
stereo imaging pair pictured above will let 
you enjoy superb stereo imaging without 
sitting directly in front of your speakers. 

But unfortunately, in the consolida- 
tion move, BSR's speakers went by the 
wayside, and so did Jack. 

Enter DAK. After a few fearful nego- 
tiations and considering the engineer- 
ing costs BSR had already expended, they 
agreed to make the speakers just for DAK. 

Because there's virtually no BSR over- 
head left on these speakers, and the 
R&D was all but complete, we've gotten 
these speakers for virtually the compo- 
nent costs plus a little BSR labor. 

And don't worry about Jack. BSR had 
him finish the engineering (they really 
are great people) and they'll pay him a 
royalty on each speaker we sell. Besides, 
by the time you read this, Jack is sure to 
be snapped up as the Chief Engineer at 
another esoteric audio company. 

WHAT'S STEREO IMAGING? 

Stereo imagery is the logical separa- 
tion and interaction between channels. 
It's the successful creation of a panoram- 
ic wall or stage of music rather than the 
confined, easily located 2 speaker sound. 
ITS WHAT'S INSIDE THAT COUNTS 

Imagine the full thunder of a kettle 
drum, or the pluck of a string bass being 
explosively recreated in your living room. 
BSR's 15" sub-bass acoustic suspension 
driver will revolutionize your concept of 


low clean bass. 

Its magnetic structure weighs a thun- 
dering 48 ounces. But that's not all. The 
magnetic field is developed by the rare 
earth metal Strontium for state of the art 
massive but flawlessly controlled bass. 

A 38mm voice coil with a 200? cen- 
tigrade temperature capacity, will handle 
the most demanding digital or analog re- 
cordings. And, a new super rigid cabinet 
design virtually eliminates coloration due 
to uncontrolled cabinet resonance. 

At low volume, the bass will fill in and 
envelop you. At high volume, your room, 
your walls and your neighbors will shake. 
(Not for apartment dwellers please.) 


MATCHED PAIRS 

The mid-range and high end of BSR's 
speakers are truly unique. Front moun- 
ted 8" polypropylene mid-range drivers 
provide rich sound while top mounted 
5" polypropylene mid-range drivers pro- 
vide an open, lifelike ambiance. 

Front mounted exponential horn tweet- 
ers provide awesome brilliance to 21,500 
hz, while top mounted tweeters enhance 
separation because they are mounted to 
the outside edge of each speaker. 

So, this system has a specific left and 
a specific right speaker. You'll find wide, 
but interactive separation that will vastly 
widen your ideal listening area. 

The imagery will give the illusion of 
musicians actually playing in front of 
you. Your music will take on a three di- 
mensional quality. You'll enjoy superb 
stereo imagery regardless of each speak- 
er's specific placement in your room. 

MORE SPECIFICS 

The exponential horn tweeters, both 
in front and on the top of these systems, 
employ 25mm rigid phenol diaphragms 
for stability and accurate response. 

Polyamid-imid binders and ferro-fluid 
coolant allow for a 30096 increase in 
heat dissipation so you can drive the 
voice coils up to 200° centigrade. 

Now, the mid-range. Both the 8" front 
firing and the 5" top firing polypropylene 
drivers reproduce the mid-range fre- 
quencies like no ordinary speákers. 

Its amazing that so many speaker 
manufacturers simply slap in 5" paper 
mid-ranges to reproduce what's really 
the major portion of the sound spectrum. 

BSR's 8" and 5" polypropylene mid- 
ranges are rigid, exacting drivers that 
deliver incredibly pure uncolored sound. 
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hey have matched 25mm voice coils, 
also protected by ferro-fluid and polyamid- 
imid to 200° centigrade. They are driven 
by powerful barium ferrite magnetic fields. 
NOT QUITE FINISHED YET 

To prevent phase shift and cancella- 
tion, two totally separate crossover net- 
works are employed in these speakers. 

All frequencies below 800 hz are di- 
rected to the 15" woofer. The front sys- 
tem routes frequencies above 800hz to 
the 8" mid-range to take full advantage 
of its superb reproduction capabilities. 
Frequencies above 3400hz are routed 
to the horn tweeter. 

The top mounted system routes only 
frequencies above 1200hz to the 5" poly- 
propylene ambiance mid-range driver, 
and frequencies above 3400hz are routed 
to the top sonic placement tweeter. 

There are level controls for both the 
top and front mounted speakers so that 
you can voice the speakers to match 
your musical taste and environment. 

Note: Only the top tweeters are moun- 
ted at the the edges. The front mounted 
tweeters are conventionally mounted 
for acoustical symmetry. 

Each speaker is fuse protected for up 
to 200 watts peak, 150 watts continuous 
power. You can operate these super ef- 
ficient speakers with as little as 20 watts. 

AND OH WHAT A PRETTY FACE 

The speaker systems аге 30" tall, 19%" 
wide and 1072" deep. Their lovely oak 
wood-grain appearance is enhanced by 
the dark removable grill cloths that beau- 
tifully contrast with the rich wood-grain 
tones. They're a statement of audio ele- 
gance when placed in any room. They're 
backed by BSR's 2 year limited warranty. 
A COLOSSAL DREAM COMES TRUE 

RISK FREE 

You'll hear depth of sound at low levels 
that was previously unobtainable. And 
yes, when you crank up the volume, your 
music will explode with realism and drama. 

Try these speakers in your own sys- 
tem. Then compare them at any Hi-Fi 
Store with any pair of speakers up to 
$1000. If they don't beat all the competi- 
tion hands down, simply return them to 
DAK in their original boxes within 30 
days for a courteous refund. 

To order your matched pair of BSR 
top-of-the-line 15” 3-way 5 speaker sys- 
tems with unique stereo imaging risk 
free with your credit card, call toll free or 
send your check for DAK's market-break- 
ing price of just $299 for the MATCHED 
PAIR plus $34 for Postage and Han- 
dling. Order No. 4868. CA res add tax. 

It's a dream system for an audiophile. 
Sonically pure, thunderously powerful, 
these BSR speakers will make your future 
listening years an on-going fabulous, if 
not earthshaking experience. 


- { DAK ix. 
Call Toll Free For Credit Card Orders Only 

| 74 PS? 24 Hours A Day 7 Days A Week 
00-325-0800 

For Toll Free Information, Call GAM-5PM Monday-Friday PST 
Technical Information. ...1-800-2 72-3200 
Any Other Inquiries. .... ..1-800-423-2866 
8200 Remmet Ave., Canoga Park, CA 91304 
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Unfair Competition? 
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An Unfair Challenge to IBM*s Typewriters and Computers 


What if you and every secretary in your office could have powerful computers that were as easy to use, but cost 
less than IBM electronic typewriters? What if they also ran IBM compatible software? Well, now you can get this 
256K IBM PC Clone, the Amber Monitor, the Letter Quality Printer, and The S400 Software Library for just $999. 


By Drew Kaplan 

Look around your office. Are your 
secretaries wasting time typing and re- 
typing letters and documents? 

Well, throw out your dumb typewriters. 
Now typing on an IBM compatible com- 
puter can be as easy, and yes, cheaper 
than using an IBM electronic typewriter. 

Every word you type can be stored in 
the 256,000 character memory or on 
floppy disks. So, when you make correc- 
tions to a letter or document, you'll never 
need to retype the whole letter again. 

30 MINUTES TO PRODUCTIVITY 

In 30 minutes you or your secretary 
will be comfortably typing letters faster 
than on any typewriter. This computer is 
so easy to use that there's no ‘computer 
fear' from non-computer typists. 

But, if you're looking for computing 
power, get ready to blast off. It is so 
powerful that it will run Lotus 1-2-3, 
Flight Simulator and every other IBM 
compatible program that we've tested. 

In fact, the manufacturer states in the 
Operator's Guide that, "The computer is 
ultimately and completely compatible 
with the IBM Personal Computer." 

Actually, typing letters is child's play 
for this sophisticated machine. But for 
$999, it's sure to be the most popular 
typewriter in any office or even at home. 

So, compare it to the typing ease and 
durability of say the new IBM Wheelwriter 
5 at about $1045, or a Xerox Memory- 
writer 625 at about $1595. 

Or compare just the computer section 
to the agility, speed, and intelligence of 
an IBM computer. Then, check our price. 

FORGET LIFT OFF CORRECTION 

Think about making a change in the 
first paragraph of a letter you have dic- 
tated. Just mark up the draft copy and 
give it back to your secretary. 

She can bring the letter back onto the 
80 column 25 line Amber Monitor, make 
the corrections, touch one button and 


the letter will automatically print out 
with your corrections and additions. 

You'll never have to reread or re-proof 
retyped letters again for errors. And in- 
stead of spending 15 minutes retyping 
and re-proofing, your secretary can be 
working on your next project. 

A typewriter-type word processing 
program whose commands flash on the 
screen, when needed, makes this the ideal 
transition from typewriter to computer. 

Look how easy it is to use. Simply 
touch the F1 key at the left of the key- 
board to delete a character. F2 deletes a 
word. And, F3 deletes a whole line. 

F5 turns this machine into a line by 
line typewriter for typing directly onto 
envelopes or forms. F6 prints out any- 
thing on screen at any time. 

This is a magnificently simple pro- 
gram that you or your secretary will be 
comfortable with in 30 minutes. 

But when you are comfortable, you'll 
want to open our sophisticated $400 Soft- 
ware Library that lets you really start to 
use the power of this computer. 


(DAK's added Software shown with included Visual Manuals) 
You can type in lists of your customer's 
or employee's names and addresses. 
Then create a letter, select which names 
you want to receive the letter, and the 
computer will automatically print out 

individualized letters for each person. 
So if you want 5 people or 500 people 


to be notified personally of your newest 
product or policy, now it's all automatic. 

There's also a Budget Program, a Cal- 
endar Program and even a Portfolio Man- 
agement Program we have included. 

Of course you can use any IBM com- 
patible PC programs from Lotus 1-2-3 to 
Norton Utilities. Or, you can buy other 
even more sophisticated word process- 
ing programs that even correct your spell- 
ing or give you an on-line thesaurus. 

MORE THAN A TYPEWRITER 

This IBM compatible computer with 
its two 360 kilobyte drives, 256K ran- 
dom access memory (more is available), 
composite video and yes, even RGB full 
color graphics output, is made by Visual, 
the 5th largest manufacturer of office 
graphics terminals. 

Visual's computer is loaded. It has 
both a Centronics parallel printer output 
(we've included a superb daisy wheel 
letter quality printer) and an RS232 serial 
communications port (yes, you can add 
a modem to access outside data banks, 
or your main frame computer). 

Visual's 1985 price list shows a list 
price of $1895 for this computer. And, 
that doesn't include the Amber Monitor, 
the Printer, or the Software Library that 
we've added. It just includes the com- 
puter and of course the IBM compatible 
MS DOS 2.1 operating system. 

WHY SO CHEAP? 

Visual makes terminals. They thought 
they'd design a superb IBM Clone and 
sell it with their terminals. 

Well it turned out that Visual's sales- 
men weren't equipped to sell computers 
and Visual had put too much money into 
these computers (the built-in color graph- 
ics, TTL output, 2 floppy disk drives and 
lots of other features) to sell them at 
today's stripped down prices. 

So, Visual has sold them all to DAK 
and has taken an enormous loss. (But 
don't worry about Visual. They are a 


large company and ‘dumping’ these com- 
puters just lets them get back to concen- 
trating on their main terminal business.) 

So, you'll save a fortune and that's 
why this is an unfair comparison to IBM. 

You see, you're saving money only 
because Visual lost money. IBM not only 
needs not to lose money, but needs to 
make a profit as well. 

And, don't worry about ending up 
with an orphan. Unlike small computer 
companies that come and go, as long as 
Visual makes terminals, they will be a- 
round to protect your investment. Plus, 
they use the Sorbus Network for service. 
TAKE YOUR WORK HOME TOO! Wow! 

With the addition of a $149 optional 
25 line 80 column LCD display, you can 
take this computer home. It's a full monitor 
display screen complete with graphics. 

So, when it gets to be 6:00 and there's 
still work to be done or files to be studied, 
just take the computer home or send it 
home with your secretary. 


f 


And, with the addition of a modem, you 
can even transmit files from home to the 
office. Or, you can log onto data bases 
like CompuServe or Dow Jones. 

THE GOOD, THE BAD, & THE BEAUTIFUL 

From your first touch of the rugged 
sculptured keys of this computer, you'll 
appreciate the built-in rugged quality. 

There's even a 10 key numeric pad. 
The 83 key keyboard is identical to IBM's 
PC, except for the addition of lights on 
the 'Cap Lock' and 'Number Lock' keys. 

The contoured keyboard is extremely 
comfortable. But, | must warn you that if 
you've never typed on an IBM PC, they've 
made the Shift keys and Return Keys 
slightly smaller than on a typewriter and 
it will take you a few minutes to adjust. 

The computer has two floppy disk 
drives that use double sided double den- 
sity 5%” floppy disks. Each floppy disk 
holds 360,000 characters. 

As a free gift from DAK, we're includ- 
ing a box of 10 disks. You can store 
3,600,000 characters. 

The computer uses a 16 bit 8088 Intel 
processor with a 4.77 MHz clock speed. 
It is AC powered and UL and FCC listed. 

There is 256K of installed random 
access memory (RAM) for you to use as 
compared to 128K for most computers 
and the 7K on the IBM Wheelwriter 5. 

We've included Magnavox's latest 80 
column 25 line 12" non-glare Amber 
Monitor. It has 900 lines of horizontal 
resolution and 350 lines of interlaced 
vertical resolution to display graphics. 

You can also connect an RGB (red 
green, blue) monitor for full color graph- 
ics. With most computers, the internal 
'color card' can cost you several hun- 
dred dollars. Visual's has it built-in. 


You can expand this computer by add- 
ing custom cards. There is an expansion 
port that can be directly connected to an 
IBM expansion chassis. Of course, the 
computer is infinitely expandable by run- 
ning IBM compatible software. 

THIS IS NOT A CHEAP STARTER 
COMPUTER. Forget our price. Put it 
side by side with a similarly equipped 
IBM, run the same programs and you'll 
get the same results. 

In fact, it's so compatible that you can 
interchange disks of your letters and 
programs between Visual's computer and 
an IBM PC whenever you wish. Wow! 

THE PRINTER 

This Silver Reed daisy wheel printer 
will type on your standard letterhead, 
envelopes, 3 X 5 cards or mailing labels. 

Ituses the same type interchangeable 
daisy wheel direct impact print system 
as typewriters (heavy duty of course). 


ters per second bidirectionally. You can 
set horizontal spacing, 'pitch', for ex- 
panded or contracted letter spacing. You 
can underline automatically and you can 
print normal or Bold. 

But, don't worry. You can simply put 
in your paper and type. You can even use 
continuous form tractor feed paper with 
the optional $69 tractor feed. 


Or, use your own letterhead with the 

optional $99 cut sheet feeder. 
FINAL NOTES 

Both the Silver Reed Printer and Mag- 
navox monitor are backed by their re- 
spective manufacturers' limited warran- 
ties. The Visual Computer is backed by 
Visual's limited warranty and serviced 
by Sorbus (or Visual). 

DON'T FORGET IT'S PORTABLE 

For just $149, you'll get the factory 
installed 80 column 25 line (graphics 
capable) LCD display which simply lifts 
off when you're using the Amber Monitor. 


You may not take your computer home 
or to another office every day, but the 
versatility is phenomenal. 

ACCEPT OUR TYPEWRITER COM- 
PUTER CHALLENGE RISK FREE 
Wait till you see this state of the art 

computer marvel on your desk. And wait 

till you see what its incredible comput- 
ing power can do for your productivity. 

If you're not 10096 satisfied with its 
typing or computing ability, simply return 
it to DAK in its original boxes within 30 


The printer prints at 10-12 charac- 
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days for a courteous refund. 

To get your Visual 256K IBM Compat- 
ible Computer with Two 360K Floppy 
Disk Drives, Composite and RGB Out- 
puts, Amber Monitor, Silver Reed Letter 
Quality Daisy Wheel Printer, $400 value 
Software Library, 10 Free Double Sided 
Double Density 5%” Disks and connect- 
ing cables for the monitor and the prin- 
ter risk free with your credit card, call toll 
free or send your check for DAK’s limited 
Close-Out price of just $999 plus $24 
for P&H. Order No. 4500. CA res add tax. 


OPTIONS 
If you're into massive spreadsheets 
and the largest programs, order the 512K 
upgrade which doubles the 256K mem- 
ory. It's installed by the factory for an 
additional $129 ($5 P&H) Ord. No. 4625. 
Add the factory installed 80 column LCD 


25 line display so you can move Visual's 
| computer and work wherever you want. 


It's just $149 ($5 P&H) Order No. 4626. 

If you want to run continuous forms, 
from mailing labels to checks to letter- 
head, the Silver Reed Tractor feed snaps 
on and off in about 30 seconds. It's just 
$69 ($3 P&H) Order No. 4345. 

Use your standard letterhead automa- 
tically with the cut sheet feeder. It feeds 
paper like an automatic copier tray. It's 
just $99 ($5 P&H) Order No. 4627. 

Standard 300,000 character black poly 
ribbons are just $6 ($0.50 P&H) Order 
No. 4346. You'll never see a lifted off cor- 
rection mark that shows where errors 
have been removed again. You'll get 
‘Presidential Quality’ letters that you'll 
be proud to mail every time. 

II!!! SUPER NEW BONUS 11111 

Effective March 10, 1987, we will in- 


| clude Savtek's incredible new $89% 
| Desktop Publishing Software so you can 


create letters, proposals, and reports 
with INTEGRATED text and graphics. 

You'll also get DAKGRAF which lets 
you produce full page Bar, Line and Pie 
Charts. It's all produced on Silver Reed's 
daisy wheel printer. Wow! Both pro- 
grams are fully described on other pages. 
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t. And I expect everyone 


IBM ê IBM Wheelwriter 5, Lotus & Lotus 1-2-3, Flight Simulator, 
and Xerox Er Xerox Memorywriter 625, are registered trademarks of 
international Business Machines, Lotus Development, Microsoft, 


and Xerox Corporation respectively. 
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Call Toll Free For Credit Card Orders Only 
5 24 Hours A Day 7 Days A Week 


For Toll Fraa Information, Call BAM-5PM Monday-Friday PST 
Technical Information. . . . 1-800-272-3200 
Any Other Inquiries... . . . . 1-800-423-2866 
8200 Remmet Ave., Canoga Park, CA 91304 
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Marlboro Red or Longhorn 100's— 
уви dela lot to like. 


| SURGEON GENERAL'S WARNING: Cigarette 
— | Smoke Contains Carbon Monoxide. 
tar;' 1.0 mg nicotine av. per cigarette, FTC Report Feb.'85 
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Trillion-watt moment 


The most powerful burst of energy 
that ever zapped from a man-made de- 
vice recently escaped from a not very 
| large or impressive-looking laser in 
the University of Rochester’s Labora- 
tory for Laser Energetics. For a tril- 
lionth of a second, the device emitted 
an incredible trillion watts of power. 
That's 1,000,000,000,000 watts. To put 
that into perspective, take the entire 
electrical-generating capacity of the 
United States and double it. 
Incidentally, the laser in question 
is small enough to sit on a laboratory 
table, and is far, far smaller than those 


| some of which fill huge buildings. It 
| did its phenomenal trick with a pro- 
cess called “chirping.” In essence, a 
relatively long pulse of energy at a 
| relatively moderate power level is com- 


pulse of far higher instantaneous en- 
ergy. Professor Gerard A. Mourou, 
head of the development team, says 
the technique can increase the power 
of any laser by a factor of a thousand. 
That may be enough to drum up new 
interest in developing laser fusion. It 
will also, he says, open up new fields 
of physics, as the short power pulses 


| fast chemical reactions. The technique 
| would give investigators the ability to 
glimpse such reactions as if they were 
happening in slow motion. 


Optical memories 


The May issue of POPULAR SCIENCE 
contained an article on several new 
approaches to designing optical discs 
that can be repeatedly erased and re- 
| used as magnetic floppy disks are 
today. Such an accomplishment would 
create the best of all possible worlds 
| —discs with the enormous storage 
capacity afforded by optical technol- 
ogy, but at the same time providing 
the read/erase/rewrite capability of 
magnetic media. Now the field seems 
to be heating up. Researchers at the 
Polytechnic Institute of New York in 
| Brooklyn have announced the devel- 
| opment of a new kind of optical mem- 


What's News 


ory using tiny beads containing a spe- 
cial dye. The ultrasmall spheres are 
about the size of transistors used on 
memory chips—which means they 
could be packed into minute areas by 
the millions. For the spheres to serve 
as memory, they are illuminated with 
laser light of a certain wavelength, 


| and absorb the energy. Then if they 


are hit by another laser beam, the rate 
at which they absorb light jumps to 
what physicists call another quantum 
level, where it will stay until some 
subsequent event happens. Thus, a 


| bead at one quantum level can be des- 
ignated as a 1 and at another as a 0 | 
| to store information in digital form. 
often used in laser-fusion research, | 


| Hot fibers 


It seems as though the whole field of 


| electronics is becoming dependent on 
| lasers. Another piece of evidence: the 
pressed into a much, much shorter | 


rapid advances being made in the field 


| of fiber optics, particularly for the pur- 
| pose of transmitting information that 


used to be carried on copper wires, 
coaxial cable, or microwave links. A 
decade or more ago, when POPULAR 
SCIENCE first began reporting on 
progress in fiber optics, hairlike opti- 
cal fibers had been developed that 


| could transmit pulses of laser light at 
are used in effect to freeze extremely | 


low information rates up to a few 
miles without the use of amplifying 
repeater stations. 

Now advances are coming almost 


| faster than we can keep up with them. 
| In this issue Arthur Zuckerman out- 
| lines recent progress in the field. Now, 


for example, some ultrapure types of 
glass that have been used make it pos- 


| sible to transmit signals at up to 1.7 


gigabits of information a second as far 
as 90 miles without a repeater. But 
even as we go to press, news arrives 
that a West German group has built 
an experimental system that can 
transmit up to 90 kilometers— not 
quite up to the best systems demon- 
strated elsewhere—but doing so at a 
phenomenal five gigabits a second. To 
put that into perspective, one hair-thin 
five-gigabit carrier would allow the si- 
multaneous transmission of 78,000 
channels of telephone conversations or 
36 high-quality TV pictures. 


Tire myths exposed 


You've heard it lots of times. Don't 


| mix radials and bias plies on the same 
| car. Or in some versions: Dont mix 


them on the same axle. Now a credi- 
ble source says: Baloney. As far as 
safety goes, it doesn't make any dif- 
ference. Floyd S. Conant and Richard 
L. Fuller, of Standards Testing Labo- 
ratories, Inc., presented a paper on the 
subject at a recent meeting of the 
American Chemical Society. They re- | 


| ported that they had taken five cars 


of diverse types and ages and run | 
them through various tests: constant 
circle, autocross, slalom, and accident 
avoidance. They used different com- 
binations of mixed tire types. Both 
practical experience and lab tests, | 
they said, showed that radials did 
have somewhat higher cornering-force 


| coefficients than bias tires, but not 


enough to seriously affect handling. 
Their conclusion: “No modern automo- | 
bile can be made unstable by fitting 
it with any mixture of modern tires 
of equivalent size." 


| Radiant barriers: test report 


Steve Ashley reported in the August 
1986 issue of POPULAR SCIENCE on a 
controversial building material called 
radiant barriers— layers of aluminum | 
foil installed in attic air spaces to re- | 
flect summer heat out of houses. 
Some claimed they help, others said | 
they hadn't been proved. Now comes 
a report from Oak Ridge National Lab. 

Researchers at Oak Ridge worked 
with identical houses and installed a 
radiant barrier over the top of R-19 | 
fiberglass batt insulation in one attic. 
Then the heat load was monitored and 
compared with the control house with- 
out a radiant barrier. The result: The 
radiant-barrier-equipped house used 
17 percent less energy for air condi- 
tioning, eight percent less for heating. | 
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Remotely piloted aircraft proved effective dur- 
ing the war in Vietnam and the Israeli inva- 
sion of Lebanon. In future battles, pilotless 
planes will give commanders on the ground 
a bird's-eye view of the action. They'll also 
jam signals as well as guide and deliver weap- 
ons in skies too hazardous for humans. 


By JIM SCHEFTER 


ust an hour after the attack started, the defenders 
knew they were in big trouble. It was June 1982, 


and Lebanons Bekaa Valley was a hornet's nest of 


Soviet-supplied surface-to-air missile batteries. They could, 


their Syrian operators thought, hurl up a lethal wall of 


firepower against any attacking aircraft. 

Instead, they hardly got off a shot. Radar-seeking mis- 
siles homed in on 29 supposedly secret sites, blowing them 
away while gleeful Israeli officers sitting in situation rooms 
across the border watched the action live on television. A 
masterstroke of warfare had left the skies controlled by 
the attackers, and Israel's friends and enemies alike won- 
dered how they'd done it. 

Nearly five years later and 6,000 miles away, an invisi- 
ble laser beam focuses down from the sky on a tank roll- 
ing across the hard caliche soil of Fort Hood, Texas. Within 
seconds, a Copperhead artillery round fired from a 155-mm 
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howitzer miles away homes right in on the tank and ex- 
plodes. The laser beam illuminates a second tank and an- 
other Copperhead soon produces similarly ruinous results. 

Both actions—one in actual combat, the other in a mas- 
sive U.S. Army exercise—owed their effectiveness to tiny 
unmanned robot aircraft cruising over the battlefield. Re- 
laying live TV images of the events to controllers below, 
the barely visible remotely piloted vehicles, or RPVs, have 
already triggered changes in the tactics of future battles. 


* 


ROBOT PLANES 


RPVs are not a new idea. The Germans experimented 
with a camera-carrying V-series rocket near the end of 
World War II. Cruise missile-like Teledyne-Ryan Firebee 
drones played key roles in several battles in Vietnam. But 
interest in RPVs had sagged severely in the succeeding 
years until a California-born engineer named Al Ellis, 
working for the Israelis in Tel Aviv, convinced them that 
RPVs are indeed valuable tools of war. “All I did was take 
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Even in silhouette, the CM-44 manned/unmanned aircraft 
(top) from California Microwave (Woodland Hills, Calif.) 
reflects its Rutan Long-EZ heritage. As an RPV, the canard- 
wing pusher is designed to fly autonomously for 20 hours. 
Launched from a hydraulic-ram rail (above left), Lockheed's 
Aquila is designed for reconnaissance and tactical missions. 
Ground operation of the pilotless plane (above middle) is 
simplified by computer flight controls. During recent trials, 
the Aquila pinpointed tanks with lasers for bombardment. 
When landing, the RPV, guided automatically by an IR sen- 
sor (above right), flies into a net. 
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a model airplane, put a camera in it, and take a picture,” 
Ellis says today. “But that started an industry.” 

There was a lot more to his multi-year development ef- 
fort than Ellis’s disclaimer indicates. And the result is a 
rush to equip military forces with RPVs designed to fly 
missions as diverse as real-time surveillance, communi- 
cations relays, artillery spotting, electronic jamming, and 
target designation for laser-guided weapons. 

The little planes themselves are as strange a collection 
of flying machines as was ever assembled. Most of them 
are small enough to be launched from the back of a small 
truck, fly quietly and nearly invisibly over enemy lines 
and back, then be caught in nets like birds when they 
return. Here are a few of today’s most active programs: 

€ Aquila is a delta-winged machine whose blended fu- 
selage shape is a mix of Stealth and Star Wars. Designed 
and built by Lockheed Missiles and Space Co. in Austin, 
Texas, it's the laser-toting bird that helped knock out tanks 
at the Fort Hood demonstration earlier this year. 

€ Pioneer, boxy and slope-nosed, is a twin-tailed RPV 
that looks something like a mini P-38. Already deployed 
aboard a U.S. Navy battleship, the Israeli Mazlat Corp.’s 
Pioneer is a derivative of two Bekaa Valley veteran RPVs. 
Future production by the AAI Corp., which markets Pio- 
neer in the United States for Mazlat, is planned for Mary- 
land, where Al Ellis is working on design improvements. 

e CL-227 Sentinel is a peanut-shaped helicopter with 
counterrotating rotor blades. Easily one of the strangest- 
looking RPVs today, its built by Canadair Ltd. in Mon- 
treal. The flying peanut, designed for launch and recovery 
from small ships or for use by ground troops, is now un- 
dergoing its first operational field tests. 

e Brave 200 and Brave 3000, from the Boeing Military 
Airplane Co. in Wichita, Kan., are expendable RPVs de- 
signed for surveillance, radar suppression, or attack mis- 
sions. The 200 is powered by a reciprocating engine and 
propeller; the 3000, by a jet engine. In the "Kamikaze" 
mode, warhead-laden Braves would dive on a target. 

That list barely scratches the surface. Today scores of 
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RPV designs are being tested in at least 15 countries, 
including the Soviet Union. But only a handful of RPVs 
were being developed when the Israelis revealed the se- 
cret of their Bekaa Valley triumph to Gen. John Vessey, 
then chairman of the U.S. Joint Chiefs of Staff. 

Here's what the Israelis told Vessey (see drawing): First, 
they stationed several small RPVs over the valley. Some 
were Tadiran Electronics’ Mastiffs, the brainchildren of 
A] Ellis. Others were Scouts, developed by Israel Aircraft 
Industries (IAD. Orbiting at 5,000 feet, Mastiffs stubby 
14-foot wingspan and glass-fiber body made it all but 
invisible to both human eye and radar. Its muffled 22- 
horsepower engine couldn't be heard at a fraction of that 
distance. Scout was similarly stealthy. 

Equipped with video eyes and sophisticated radar spot- 
ters, the RPVs waited. Nearly 40 miles from the valley, 
Israeli fighters unleashed a volley of little radar decoys 
called Sampsons, then swooped away. Designed to look like 
full-sized planes on air-traffic radar screens, the Samp- 
sons fooled Syrian defenders into activating surface-to- 
air-missile (SAM) radars. That was their big mistake. 

The loitering RPVs instantly picked up the SAM radar 
signals and relayed their positions to waiting electronic- 
warfare aircraft. Moments later, the fighters were back. 
This time they fired armed missiles, including beam-riding 
radar seekers, at the SAMs. Knowing where to look, Is- 
raeli controllers focused their RPV video cameras on the 
camouflaged SAM sites. Not one survived. 

It was an amazing story. But Pentagon wheels grind 
slowly. It took yet another typically blunt Israeli demon- 
stration to speed up U.S. RPV acquisition. 


Sightseeing in Beirut 


Two days after a terrorist bomb destroyed the Marine 
barracks in Beirut in October 1983, Marine Commandant 
Gen. P. X. Kelley secretly flew to the scene. No word of 
his arrival was leaked. 

Yet across the border, Israeli intelligence officers watched 
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The Sprite remotely piloted helicopter (1) from ML Avia- 
tion (Maidenhead, England) is designed to “pop-up” above 
a war zone to provide real-time surveillance of enemy de- 
ployments to battlefield commanders. Like the Sprite, the 
peanut-shaped Sentinel (2), developed for medium-range use 
by Canadair in Montreal, has counterrotating rotors and 
can land just about anywhere. Both RPVs are difficult to 
spot by eye or radar. Mazlat’s Pioneer (3), shown here being 
launched by rocket, combines attributes of Israel’s two 
battle-tested RPVs: the Mastiff and Scout. Mazlat, the man- 
ufacturer, is a joint venture of Tadiran Electronics and Is- 
rael Aircraft Industries. The SkyEye RPV (4), which lands 
below a parafoil, is made by Developmental Sciences in On- 
tario, Calif. SkyEyes have been sent on reconnaissance pa- 
trols along the Honduran/Nicaraguan border for the U.S. 
Army. Boeing’s Brave 200 expendable drone (5) can carry 
surveillance sensors or an explosive warhead. After being 
launched from a 15-unit storage rack, a sensor-equipped 
Brave 200 crashes on friendly territory. In “Kamikaze” mode, 
the RPV dives into enemy targets. The Heron-26 (6) from 
Pacific Aerosystem (San Diego), which was developed in 
collaboration with Meteor of Italy, is capable of perform- 
ing pre-programmed “launch and forget” missions. It is 
being considered by several foreign governments and by 
the U.S. Army for surveillance and electronic-warfare mis- 
sions. GEC Avionics’ Phoenix RPV (7) contains most of the 
features found in the current generation of RPV designs. 
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live television images of Kelley arriving and inspecting 
the barracks. They even zoomed the picture in tight, plac- 
ing cross hairs directly on his head. 

Hours later in Tel Aviv the Israelis played back the tape 
for the shocked Marine general. The scene, they explained, 
was transmitted by a Mastiff RPV circling out of sight 
above the barracks. Kelley took the message home. Within 
months, the U.S. Navy had purchased a Mastiff system 
and was looking for more. 

Mastiff had been developed in the early 1970s by Ellis 
and a few skilled friends. He had left his U.S. aerospace 
job after the 1967 Six-Day War to help Israel build fight- 
ers. But Ellis saw the need for a simple RPV that could 
relay real-time battle images. With its own time and money, 
Ellis's team built and flew a simple RPV. 

The first model eventually crashed, but Ellis convinced 
Tadiran Electronics to fund a new design. His goal was to 
keep the RPV simple and cheap. The result was Mastiff, 
a combat-ready RPV whose parts came mostly from a Tel 
Aviv hobby shop. After seeing the images broadcast from 
its video camera in a 1975 flight demonstration, the Is- 
raeli military ordered two of them. It was a start. 


Back in the U.S.A. 


At the same time, RPV proponents in the U.S. De- 
partment of Defense were pushing a program that would 
eventually produce the most elegant, expensive, and contro- 
versial RPV in the world. Pentagon critics would describe 
it as gold plated. Its name: Aquila. 

Aquila is really two programs: an earlier RPV technol- 
ogy development effort and a specific Aquila airframe proj- 
ect, says Dr. Klaus Dannenberg, chief engineer of Lock- 
heed’s RPV programs. Since 1975, the U.S. Army has 
spent more than $700 million on Aquila; Lockheed has 
pumped in another $125 million on its own. Some say the 
high cost is the result of Pentagon indecision, Congres- 
sional “on again, off again” funding, and Army demands 
for more capabilities to be added. Whatever the cause, a 
lot of money has been spent to develop the RPV technol- 
ogy embodied by the Aquila. 

First came a three-year technology-demonstration pro- 
gram, won by Lockheed. “The first Lockheed RPV looked 
a lot like a Pioneer,” Dannenberg tells me. Now Aquila 
looks like something out of a science-fiction movie. 
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During the 1982 Israeli invasion of Lebanon, 
hidden Syrian air defenses in the Bekaa Val- 
ley were neutralized by using the following 
tactic: RPVs equipped with radar emitter- 
locaters and TV cameras (A1) were stationed 
above the battlefield while Sampson decoys 
(A2), designed to look like larger aircraft on 
radar screens (A3), duped concealed Syrian 
surface-to-air-missile (SAM) radar batteries 
into activating their emitters. The RPVs "'fin- | 
gerprinted” the Soviet-built radar installations 
and radioed their positions to Israeli/Grumman 
E-2C command and control aircraft (B). The 
E-2Cs then vectored Israeli/McDonnell-Doug- 
las F-4 strike aircraft armed with air-to-surface 
anti-radiation missiles, or ARMs (C), and 
surface-to-surface ARMs (D) to attack the 
SAM sites. During the attacks, the Israeli air- 
craft defended themselves from Syrian track- 
ing radars and missile-borne infrared homing 
seekers by dropping clouds of chaff (Е), La- 
ter, Israeli fighters destroyed the blinded SAM 
launchers by dropping cluster bombs (F). 


New schemes for takeoff and recovery, radio control, com- 
puterized autopilots, and jam-proof data links came and 
went. Today’s result is a computerized system that’s loaded 
with advanced technology. "What we've done with Aquila 
is not only take the man out of the airplane, but take the 
control stick out of his hands,” says Lockheed vice presi- 
dent Bob Nettles. “You don't fly Aquila like you fly a radio- 
controlled airplane." 

It takes just three buttons to launch Aquila from its 
hydraulic rail. With its engine at full power, it spurts from 
the rail and flies off on a pre-programmed mission. 

Aquila is controlled by a three-man team that issues 
keyboard commands via a series of computers. Some com- 
mands are as simple as pushing a button to order Aquila 
to circle or to begin taking evasive maneuvers. Comput- 
ers on the ground and in the air do the rest. 

The only joy stick in Aquila's control van is on the pay- 
load operator's console. He uses it to position cross hairs 
on the incoming video screen to aim the RPV's laser beam 
at a target, or to mark ground reference points to update 
the navigation system. 

Today's system didn't come about easily. Many crashed. 
The boneyard of $100,000 Aquila hulks grew steadily dur- 
ing the research phase and more crashed during the current 
development program. Once a soldier confused airspeed 
with altitude, instructing the Aquila to fly at a height of 
130 meters instead of at a speed of 130 kilometers per 
hour. Unfortunately, that altitude sent it into the ground. 
"We picked up a lot of little pieces," Dannenberg says. 

When the original program ended in 1978, Lockheed 
disbanded its team and the Army studied the reports. 
Funding was reinstated in 1979 and stopped again in 1981. 
So by late 1982, when Lockheed's skeleton staff was told 
that Congress wanted to restart the program, a lot of time 
and money had been lost. 

Aquila's complexity grew steadily from the beginning 
as it took on requirements for laser target illumination, 
for secure data links so the enemy could not jam or take 
over control, for the ability to return home automatically 
if communications were lost, and for evasive-maneuver 
capabilities to avoid anti-aircraft fire. Even its final re- 
covery became automatic (see photo). 

Fully fueled and ready for combat, Aquila weighs 260 
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The missile that waits 


By STUART F. BROWN 


o counter mounting air losses to surface-to-air mis- 

sile (SAM) batteries during the Vietnam War, the U.S. 

developed a risky tactic called “Wild Weasel.” During 
these missions, specially equipped fighter planes would 
present themselves as targets to North Vietnamese mis- 
sile installations, hoping to bait the operators into illumi- 
nating their airplanes with radar. When a SAM guidance 
radar did try to lock-on, the fighters launched anti-radia- 
tion missiles that rode down the radar beam, destroying 
the hostile missile emplacement. “Wild Weasel” proved ef- 
fective but dangerous; not all of the radar-baiting fight- 
ers returned to base. 

Soon American pilots will take fewer risks during anti- 
SAM strikes. They'll be able to request that Tacit Rainbows 
—recently declassified anti-radar cruise missiles—be sent 
in advance into an area thought to contain enemy SAM 


sites. Tacit Rainbows? That’s what the military calls them. 
Developed by Northrop Corp. for the Air Force and the 
Navy, these floridly named subsonic missiles are intended 
to make SAM-busting an acceptably safe job. Groups of 
them are launched from out-of-range aircraft or surface 
vehicles. The eight-foot-long missiles—with pint-sized jet 
engines thrusting out exhaust as folded wings and hori- 
zontal stabilizers pivot into place—will loiter (for hours, 
if necessary) on a pre-programmed route, patiently wait- 
ing for a SAM battery to activate its search radar. 
When the radar switches on, a Tacit Rainbow will dive 
in for the kill, following the beam to its source. Or per- 
haps a SAM site’s crew will spot the circling missiles and 
keep the search radar turned off—for their own safety. 
Either way, U.S. aircraft will be able to carry out their 
missions at less risk of being shot down. 25 
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Optical 
IDers 
are faking over 

felecommunications 


A growing network of optical fibers that 
spans the continent—and soon two oceans— 
is stirring a revolution in telephone, data, 
and video communications. Technology ad- 
vances boost the data rates flashing through 
fibers already in place, saving cable instal- 
lation costs. These hair-thin glass wires now 
carry phone calls and may one day feed mov- 
ies, music, or computer data into your home. 


By ARTHUR J. ZUCKERMAN 


Murray HILL, N.J. 

ooming before me, some three stories high, is a struc- 

L ture that looks like a scaled-down space rocket. The 

name painted on its surface, "Pioneer I,” reinforces 
that impression. 

But this structure isn't on a Cape Canaveral launch pad. 
I'm in a building at the venerable Murray Hill complex of 
American Telephone & Telegraph Co.'s Bell Laboratories. 
The tower structure is used to make experimental optical 
glass fibers that carry telephone, data, and video infor- 
mation on beams of light. 

Suzanne Nagel, who heads glass research and develop- 
ment at Bell Labs, points to a precision capstan and drum 
at the tower base that pull fibers, like taffy, from white- 
hot glass rods three stories above us. "We're trying to see 
how fast we can draw glass fiber," she explains, “which is 
why the tower is so tall. The faster you draw, the longer 
the path must be." 
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Continued 
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Recent advances in optical-fiber 
technology show that dazzling 
amounts of information can be 
piped through just a single fiber on 
beams of light. By blending differ- 
ent light colors together, hundreds 
of thousands of telephone calls or 
hundreds of TV channels can travel 
simultaneously through a glass fiber 
(see Single-Mode Fibers sidebar). 
And the newest technique for trans- 
mitting and receiving fiber-optic sig- 
nals could eventually allow 10 mil- 
lion phone conversations or 10,000 
super-sharp TV channels to travel 
through one fiber. This transmis- 
sion method, called coherent de- 
tection, may one day let you record 
a four-hour feature movie flashed 
into your home in one second. 


LATHE 


M COIL 


PLASMA FIREBALL 


In recent years, advanced optical fibers created by AT&T, 
Corning Glass Works, and other firms have spun off pro- 
duction lines into a growing network of fibers. AT&T and 
other telecommunications firms, for example, have switched 
from copper wire to optical fibers for long-distance lines. 
Upcoming transatlantic and transpacific undersea cables 
will also use glass instead of copper. Optical fibers now 
carry some information once relayed through satellites and 
other microwave links. 

In Japan, Europe, the United States, and elsewhere, ex- 
perimental two-way fiber systems have fed information di- 
rectly into homes. One pair of fibers in such a system can 
provide a household with phone and cable-TV service, plus 
tele-banking and video shopping. Such cable shopping serv- 
ices may one day let you purchase music and video record- 
ings transmitted to your home recorder in seconds. 

Among the advances influencing this revolution: 

e Ultraclear glass. Manufacturing advances now pro- 
duce remarkably transparent fibers. As a result, signals 
flashing through them—usually bursts of laser light—can 
travel tens of miles before a costly amplifier is needed to 
boost them. Ordinary copper-wire phone cables carrying 
electrical signals need an amplifier every few miles. 

€ Advanced lasers. New semiconductor lasers can now 
be switched on and off rapidly enough to send thousands 
of telephone calls on a single optical fiber, compared with 
hundreds of calls for earlier light sources. Fiber networks 
can therefore handle more information by using faster la- 
sers instead of additional cables—an important consider- 
ation since they're expensive to install. 

è Super-capacity networks. Experimental techniques for 
beaming signals through fibers may boost system informa- 
tion-carrying capacities to fantastic levels— 1,000 times 
higher than today's already impressive rates. These labo- 
ratory systems use ultraprecise light frequencies and re- 
ceivers with built-in lasers that reinforce light signals 
weakened by passage through long fibers. 

Ironically, these advances also helped slow a boom in 
fiber use. During the first half of the 1980s, fiber demand 
soared as new telecommunications firms began competing 
with AT&T for a share of the long-distance market. Last 
year, for example, U.S. Sprint Communications, Inc., had 
completed 6,500 miles—about a third—of its planned op- 
tical-fiber network compared with AT&T’s 5,200 com- 
pleted miles. But recently demand for fiber cables lev- 
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A glass tube is the starting point for making optical fibers 
at AT&T. Gases flowing through the tube are heated by an 
oxygen-hydrogen torch, turning them into glass particles. 
A plasma of disassociated gas is created in the center of 
the tube by temporarily inserting a carbon rod and heat- 
ing the rod and nearby gas with radio-frequency energy 
from a copper coil. Hotter, more-energetic plasma molecules 
strike the glass particles, driving them against the inner 
tube wall. When layers of glass have built up, the tube is 
heated and collapsed into a solid rod, called a preform. Bell 
Labs researcher Suzanne Nagel and colleagues examine a 
preform made with a slower conventional process. 
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eled off, in part because improved optical transmitters can 
now beam more calls along existing fibers. In addition, a 
huge demand for optical cables to link homes with local 
telephone switching offices has not taken place as expected. 

Manufacturing these hair-thin strands of glass demands 
superclean plants and ultrapure raw materials. Before you 
don a white coat and enter the production area at Corning’s 
newly expanded fiber plant in Wilmington, N.C., for ex- 
ample, machines whisk dirt from your shoes, and sticky 
floor mats capture dust. Raw materials are checked for 
contaminants in parts per billion. 

To make optical fibers, two glasses with different opti- 
cal properties are combined to form a central core and a 
surrounding cladding that traps light by reflection (see 
Index Fibers box). At Corning’s plant, fibers start as glass 
rods rotating on a lathe within a sealed chamber. Ultra- 
pure gases that contain silicon and germanium are fed 
through a flame, spraying the rod with a white soot that 
builds up as thin layers of glass. When the germanium 
vapor is shut off, an undoped layer of glass forms the out- 
side cladding. The cylinder is then fired in a furnace to 
produce a highly transparent glass blank called a pre- 
form, from which fibers are drawn. The glass is so pure 
that light must pass through nearly 14 miles of it before 
the light intensity is halved. In comparison, 10 feet of 
high-quality optical glass and one inch of window glass 
will halve light intensity. Corning created the first fiber 
suitable for communications in 1970. 

AT&T, also a major fiber maker, uses a different pat- 


First optical-fiber system across the Atlantic, TAT-8, is slated 
to go on stream in 1988, linking the U.S. and the United 
Kingdom with one fiber pair; U.S. and France 
with another. There’s an extra fiber pair 
for backup or expansion. Transpa- 

cific cable, to be ready in 1989, 99 
will link U.S. mainland to 
Hawaii, Guam, and 
Japan. 
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ented manufacturing technique (diagram, facing page). Re- 
searchers at Bell Labs also devised a way of making 
low-loss fibers by reducing the impurity, called a dopant, 
added to fibers to boost the refractive index of the core. 
Says Nagel: “We minimized the amount of dopants by de- 
positing a relatively thick fluorine-doped glass cladding 
around the core. A light signal emerging from two hun- 
dred kilometers of our new fiber is ten times stronger than 
it would be through most previous fibers.” 

Researchers at Bell and other labs are also developing 
ultralow-loss fibers based on fluorides and other non-silica 
glasses. The Naval Research Laboratory, in Washington, 
D.C., announced it has developed a fluoride glass that may 
one day go into fibers capable of carrying signals thou- 
sands of miles without need for repeater amplifiers. 

But to achieve such remarkable performance, improved 
semiconductor lasers will also be needed. Longer light 
wavelengths pass through fibers with less attenuation, and 
wavelengths near four microns may be used for non-silica 
ultralow-loss fibers. By contrast, early fibers in telephone 
networks used lasers with wavelengths at about 0.82 mi- 
cron, contributing to the need for a repeater every five 
miles or so. Current single-mode fiber systems (box, last 
page) may use a near-infrared wavelength of 1.3 microns, 
with repeaters 20 miles or more apart. Light attenuation 
is still lower at 1.5 microns, and the newest fibers and la- 
sers for this wavelength may have 90-mile spacings. 

In addition to increasing the wavelengths of lasers to 
minimize attenuation, researchers must make them switch 
on and off faster to handle more data. Semiconductor la- 
sers for some optical-fiber phone systems are already puls- 
ing digital signals in the 1.7-gigabit-per-second range (a 
gigabit is one billion bits), and much faster experimental 
lasers have been demonstrated in labs. But stability prob- 
lems may crop up as lasers are pushed to extremes. 

An alternative approach, still confined to lab experi- 
ments, is not to pulse the laser at all, but instead have it 
generate a continuous light wave that is pulsed with a 
separate device. “One way of pulsing a continuous wave,” 
says Phil Rubin, head of Bell Labs’ light-wave systems and 
services planning, “is to use a material called lithium ni- 
obate. Its index of refraction changes as you vary the volt- 
age applied to it.” An optical switching device is made by 
diffusing titanium electrical contacts onto a base of lith- 
ium niobate that acts as a guide for a light beam. “If you 
put a pulsed electrical signal on the lithium niobate, you 
will change its index of refraction in step with the pulse 
sequence. That diverts the light wave away from its path 
into a fiber, so you get the pulses you want,” Rubin says. 

Last year researchers at Bell Labs used just such an 
experimental lithium-niobate switch to pulse a continu- 
ous laser beam and transmit an eight-gigabit-per-second 
signal through more than 42 miles of optical fiber. 

Continued 
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Light waves traveling through optical fibers are guided along a 
central fiber core. In older so-called stepped-index fibers, the 
fiber core has a uniform index of refraction. The core is sur- 
rounded by a cladding with a lower index of refraction. As a 
result, light passing along the core at an angle strikes the clad- 
ding and is reflected back into the core. Picture the light as 
small rifle bullets ricocheting inside a large cannon barrel. Light 
rays entering the fiber at very sharp angles may not be reflected 
back into the core but instead pass through the cladding and 
escape. Light rays zigzagging at sharp angles along the fiber 
travel a greater distance and take longer than rays reflected at 
shallow angles, or passing straight through the core. 

But this creates problems: For much optical-fiber communi- 
cations, electronic source signals аге in “оп” and “off” form 
—the digital 1s and Os of computer logic circuits. An optical 
transmitter converts these on-off electronic signals into bursts 
of light, where a light pulse represents a digital 1 and the 
absence of a pulse, a digital O. A light-sensitive receiver at 
the end of the fiber detects these pulses and converts them 
back into electronic form. This form of light communications 
is called direct detection. The problem with stepped-index fibers 
is that narrow distinct light pulses entering the fiber become 
“smeared” and flattened by the time they reach a receiver 
some distance away. That's because parts of the original pulse 
zigzagging through a fiber are delayed. To ensure that a re- 
ceiver can still recognize pulses after they travel great dis- 
tances, the pulse rate or spacing (and the amount of informa- 
tion) must be restricted. Here a 20-MHz signal, delayed 500 
cm/km, is still usable. 

Graded-index fibers help solve this problem. In the core of a 
graded-index fiber the index of refraction decreases gradually 
from the central axis outward. Light travels faster near the 
cladding, away from the central axis, where the refractive index 
is lower. So light traveling farther from the core center is bent 
in a roller-coaster-like path that enables it to catch up with 
slower-moving light in the more optically dense central region. 
Since pulses are smeared far less, the pulse rate and informa- 
tion carried can be boosted. Here the delay is only 20 cm/km 
for a 500-MHz signal. 
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Ву shrinking the core diameter of a stepped-index fiber from tens 

. of microns to only a few microns, the core is so narrow only one 

-light path—called a mode—exists through the fiber. Again com- 

paring the light rays to rifle bullets, the gun barrel (fiber core) is 

. пом rifle-size instead of cannon-size. This design, called single- 

` -mode fiber, virtually eliminates the pulse distortion caused by light 

_ Zigzagging along different paths. As a result, pulses can be spaced 

- мегу close to each other and still be distinguished after traveling 

gu great distances. This gives single-mode fibers the highest signal- 

Carrying capacity of all. For example, while graded-index fibers 

` typically might handle frequencies of tens or hundreds of mega- 

hertz (million cycles per second), single-mode fibers can carry 
gigahertz (billions of cycles per second) signals. 


Super-capacity coherent detection 
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. Another method of beaming signals through optical fibers prom- 
. ises dramatically higher signal-carrying capacities. This technique, 
— called coherent detection, has the potential for putting tens of 
— thousands of TV channels—or their equivalent in signal space ог 
1А bandwidth—on a single fiber instead of the thousand or so feasi- 

ble with conventional techniques. In the ordinary direct-detection 

. methods described earlier, a light source is usually triggered by a 
` digital signal, and flashed on and off. A receiver at the other end 

of the fiber detects these flashes and generates the equivalent 
` on-off electronic signals. In coherent detection, however, a laser 
sends a continuous signal through a fiber. This carrier beam is 


In a lab, researchers may use a signal generator to 
obtain a stream of data at these high rates. But for tele- 
phone systems, engineers use a technique called multi- 
plexing to combine thousands of simultaneous telephone 
conversations into a digital signal. "Think of digital mul- 
tiplexing as a couple of combs where the teeth are fairly 
far apart so that you can interleave them," Rubin tells 

e. "Here's one bit stream operating at forty-five mega- 
bits [million bits per second], a standard rate in digital 
telephone systems," he says, spreading the fingers of his 
hands. "Here's another forty-five-megabit stream. If you 
take these two and put them together, interleave them, 
youll have an aggregate stream operating at twice the 
bit rate. We can interleave more and more of the streams 
until we get up to 1.7 gigabits.” 

Another type of multiplexing tested at Bell Labs uses 
lasers that emit slightly different wavelengths, or colors. 
In one experiment, 10 lasers, differing only 0.00135 mi- 
cron in wavelength, were multiplexed and fed through one 
fiber (see Coherent Detection box). "We aimed the beams 
onto a diffraction grating to combine the colors into one 
stream of light," explained John Hegarty, who designed 
the multiplexer. "At the receiving end, an identical grat- 
ing broke the stream back into its original ten colors." 

Paradoxically, while 1.7-gigabit-per-second fiber systems 
will soon cross the country, the first transatlantic fiber next 
year and the transpacific system in 1989 will operate at 
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But while single-mode fibers have room in their cores for only 
one light path, they can simultaneously carry a number of slightly 
different wavelengths, or colors. For comparison, imagine a stream 
of rifle bullets, each slightly different in diameter, fired through a 
barrel; hole size at a target would let you distinguish one bullet 
from another. Similarly, detectors that recognize different light 
frequencies can unscramble wavelengths that have been combined 
together (multiplexed) and fed through one fiber. In one experi- 
ment, Bell Labs multiplexed the outputs of 10 different-wavelength 
lasers together. The experiment depended on new semiconductor 
lasers designed to generate infrared wavelengths separated by only 
fractions of a micron. But the range of wavelengths was selected 
so the light would pass through fibers with minimal attenuation. 
Each laser beam carried two billion bits of on-off digital informa- 
tion. The record-setting 20-gigabit-per-second multiplexed signal 
had the capacity to carry 300,000 telephone calls or 220 TV 
channels. Bell researchers used a 42-mile length of single-mode 
fiber. (Stepped- and graded-index fibers handle color multiplex- 
ing too, but aren't suitable for extremely high frequencies.) 


modulated, or varied, in either amplitude, frequency, or phase 
(the time relationship of the signal) by the originating signal—a 
TV channel or your telephone call, for example. At the receiver, a 
local oscillator light source at or near the wavelength of the trans- 
mitter is mixed with the incoming signal. Circuits in the receiver 
can then detect the signal impressed on the carrier and translate 
it into an electronic signal. The technique is comparable with 
so-called superheterodyne techniques used for radio, but it de- 
mands new technology to obtain ultraprecise light wavelengths 
from lasers. For fibers, coherent transmission offers greater ca- 
pacity because receivers are based on electronic tuning, which 
can easily be adjusted to pick precise narrow frequencies from a 
laser carrier signal. By contrast, direct detection depends on de- 
tection of relatively broad optical frequencies. Also, coherent re- 
ceivers offer much greater sensitivity. This added sensitivity enabled 
Bell Labs to feed a two-gigabit-per-second signal through a 102- 
mile length of fiber—unamplified—and allowed the Japanese to 
pipe a 400-megabit-per-second signal through a 174-mile fiber. 


only 296 megabits. The reason, Bell Labs experts told me: 
Specifications for these systems must be frozen early to 
ensure reliability. But despite the 296-megabit rate, the 
Atlantic cable will handle 37,800 telephone calls on each 
of two pairs of fibers, thanks to a technique of compress- 
ing digital signals. (AT&T discovered it either had to armor 
or bury its newest sea cables to protect them from sharks, 
seemingly attracted to electric fields produced by current 
powering the repeater amplifiers.) 

Extraordinarily high signal-carrying capacity is the most 
important benefit offered by optical fibers, but it isnt the 
only one. Since electronic signals are converted into beams 
of light for fiber transmission, they are immune to pres- 
ent forms of eavesdropping [“Bugging,” Aug.]. Fibers are 
equally immune to electrical or radio interference, and 
they won't short out. 

Bell Labs' Nagel looks back with awe at the progress of 
optical-fiber technology in the past decade. She recalls at- 
tending conferences with colleagues, waiting to hear about 
problems that often bog down emerging technology. "But 
there never seemed to be very many to tell about," she 
says, “and problems that were reported seemed to be solved 
unusually fast. Now, after just a few years, we have a large- 
scale manufacturing technology. The communication sys- 
tems in the United States are truly being revolutionized 
by the advent of light-wave communications. It's incredi- 
ble, and it's probably unparalleled." 


Nice body, but 
where's the engine? 


By STUART F. BROWN 


otorcycles, long the epitome of 
self-evident engineering, are 
now coming factory-wrapped 
in plastic from axle to axle. 

It's been a creeping trend. Over the 
past several years fairings have be- 
come the standard attire for sporting 
bikes. And each year the sleek shells 
have enveloped more and more of the 
motorcycles' bits and pieces. Now the 
manufacturers are nudging us toward 
thinking of bikes as vehicles with 
bullet-shaped bodies. Three goals have 
fueled this trend: improving rider com- 
fort, reducing drag, and seizing the 
high ground in styling. 

Honda Motor Co.’s 1,000-cc and 
600-cc Hurricanes (the one-liter model 
is shown at top) and Cagiva's 750-cc 
Ducati Paso (right) are the first mass- 
production bullet bikes to appear. 
There's more to them than just swoopy 
skins: Some of the finest mechanical 
and chassis designs from Europe and 
the Orient are hidden underneath. 


The 1,000-cc Hurricane is built 
around a liquid-cooled four-cylinder 
16-valve engine that makes a claimed 
output of 130 horsepower—more than 
that of many car power plants. After 
using V4s in its sport bikes for sev- 
eral years, Honda has returned to an 
in-line cylinder layout for the Hurri- 
canes because the straight four con- 
tains fewer, less-complex parts. The 
payoff? The bike's $5,398 price tag is 
the lowest in its class. 

The Hurricane’s plastic bodywork 
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has depressions for the rider's legs, 
smoothing the flow of air around the 
bike and rider. Air is drawn in through 
openings in the front of the fairing, 
passed through the engine-cooling ra- 
diators, then channeled under the 
bodywork to exit above the swing-arm- 
mounted rear fender. 

The Honda's front suspension con- 
sists of air-adjustable forks with an 
anti-dive system that controls com- 
pression during braking. The rear 

[Continued on page 104] 
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SPINNING SCOPES 


For more than 50 years, the size barrier for ground-based optical telescopes has stood un- 
challenged. Now there are plans to shatter it—to build telescope mirrors of a size that will 
dwarf all others. How will this be accomplished? Astronomers are counting on two new and 


revolutionary approaches to mirror building. 


By ARTHUR FISHER 


underneath the football stadium at the University of 

Arizona in Tucson. Technicians load chunks of glass 
into a cake-tin-like mold nestled into a huge cylindrical 
furnace, which in turn is mounted on a turntable. Just 
before the glass begins to melt into a white-gold mass, 
the whole assembly begins slowly, ponderously, to spin. 
After a day or two, the surface of the glass has assumed 
the required parabolic shape. Six weeks of cooling later, a 
telescope mirror emerges, ready for polishing. 

Scene II: In a laboratory that once housed an accelera- 
tor at Quebec's Université Laval, an astrophysicist and 
his graduate assistant pour a silvery liquid into a circu- 
lar mold made from polyester resin. A motor starts the 
mold spinning slowly. As they watch, the smooth flat sur- 
face of the pool of mercury undergoes a subtle change, 
gradually curving downward at the center. In a few min- 
utes it has assumed the shape of a perfect paraboloid. 

Two new techniques: spin-casting glass and spinning 
mercury. Although the first is far more advanced than 
the second, their respective developers believe each can 
crack the size—and cost—barrier for optical-telescope mir- 
rors, with major implications for astronomy. 

The heart of a modern telescope is a giant saucer-shaped 
mirror that focuses the weak light from the stars. But 
such huge mirrors—the famous Palomar telescope uses 
one 17 feet in diameter, for example—are difficult to make 
and expensive. Cast from molten glass and allowed to an- 
neal, or cool slowly, the flat blank is ground and polished 
to the right shape—a process that can take years. 

But what if the glass could be cast in approximately 
the right shape to begin with? In a spinning container of 
liquid —molten glass, for example— rotational forces move 
some of the glass toward the periphery of the container 
and into a shape called a paraboloid. And that, it turns 
out, is exactly the shape needed for a telescope mirror. A 
mirror cast and hardened in that shape would not have to 
be laboriously ground. The new approach is simple in prin- 
ciple. But complex technical problems had to be solved. 

Why bother? Why build giant optical telescopes on 
Earth? Space-based observatories have been extremely suc- 
cessful. So have non-optical ground-based radio telescopes. 
Aren't big Earth-bound scopes passé? 

"Actually, we are going through a big boom in optical 
astronomy," J. Roger Angel told me, “but you have to know 
the historical context to understand why.” The soft-spoken 
British-born astronomer directs the mirror laboratory at 
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S cene I: a cavernous chamber carved out of the space 


the University of Arizona’s Steward Observatory, where 
the spin-casting method is undergoing a series of trials 
by fiery furnace. “The incredible thing is that for the last 
fifty years, our ground-based telescopes havent gotten any 
bigger than the Hale Telescope. Just compare that with 
the exponential rate of progress in every branch of sci- 
ence during the same period." 

The Hale Telescope on California's Mount Palomar, with 
its 200-inch mirror (roughly 17 feet, or five meters, in di- 
ameter), is the largest in the United States and the best 
in the world. Its construction was started before World 
War II, and it actually began operating in 1948. The Rus- 
sian Bolshoi Alt-azimuth Telescope in the Caucasus Moun- 
tains appears fatally flawed, and has never delivered on 
the promise of its 236-inch mirror. (Incidentally, astrono- 
mers mingle inches and meters almost at will when talk- 
ing about their pets. For simplicity's sake, let one meter 
equal 40 inches.) 

"Its kind of mysterious that nothing really happened 
to optical-telescope size in fifty years," Angel said. "Dur- 
ing that time we've had huge booms in space astronomy 
and in radio astronomy and in detectors— specifically 
CCDs, charge-coupled devices. These new and exciting 
areas attracted many of the instrument people coming into 
astronomy. But now these areas have reached a high de- 
gree of maturity, and their pace is slowing down." 

For example, Angel said, in the early days of radio as- 
tronomy there was virtually no investment, “just a lot of 
enthusiasm and the sense that you could make great new 
discoveries." Now, however, we have the sophisticated, mas- 
sive, and costly VLA —the Very Large Array—in New Mex- 
ico. To gain any improvement, we need the VLBA, or Very 
Long Baseline Array, a network of 10 radio telescopes 
spread from Hawaii to the Virgin Islands (the first will 
be placed in New Mexico) that will achieve the resolution 
of a single radio telescope 5,000 miles in diameter. But it 
will cost about $100 million and take 10 years to erect. 

The same kind of thing 1s happening in space astron- 
omy. "When I first got into the business twenty years ago," 

Continued 


J. Roger Angel shows off a prototype 6-ft. mirror (1) pro- 
duced at Steward Observatory's mirror lab by spin cast- 
ing. The hexagonal cells of the honeycomb structure can 
be clearly seen. The lab's new 120-ton rotating furnace (2) 
will “bake” an 11'5-ft. mirror. Ermanno Borra is reflected 
in an early version of his spinning mercury mirror at Que- 
bec's Université Laval (3). Borra, with assistant Robert Con- 
tent, watches the operation of a new 6-ft. version (4). 
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Angel said, “we were launching sounding rockets from 
White Sands. It would cost about 100,000 bucks to build 
an experiment, take it down there, and fly it. It would get 
above the atmosphere for about four minutes, you’d get a 
bunch of data, you’d find something new, you’d write a 
discovery paper... it was a golden era. 

“Now we are in the era of the Large Space Telescope. It 
costs well over a billion dollars, it’s been twenty years 
since it first started, with endless delays, and it will be 
years more before it is launched. So again the pace of 
development has much slowed. 

“It’s in the face of this slowing down of both radio and 
space astronomy that making big new optical instruments 
on the ground suddenly looks appealing. They can cost 
much less and can be extremely powerful.” 


Telescoping challenges 


Angel and his colleagues knew, however, that if they 
were to build such instruments, they would have to over- 
come the severe technical challenges that telescope build- 
ers have faced for more than a century, challenges that 
have imposed the 200-inch barrier. “Mirrors for modern 
telescopes have mostly been a disaster,” Angel told me. 
“They are both too heavy and too small.” The heavier a 
mirror is, the greater is its thermal mass—its ability to 
store heat. And glass is a very poor conductor of heat, so 
that it dissipates heat slowly. “Most of the world’s big tele- 
scopes dont live up to their potential because already at 
four meters they are heavy enough to hold enough heat 
to spoil their images," he explained. *Heat stored during 
the day is released at night and causes shimmering." 

Yet we must have bigger mirrors, Angel says, because 
the light-gathering power of the telescope depends on the 
area of the mirror. Double the mirror's diameter, and you 
collect four times as many photons. Not only can you see 
fainter objects, but you can obtain data in half the time, a 
major concern with many research projects competing for 
time on a limited number of instruments. But making 
the mirror bigger also makes the thermal problem worse. 
If a big mirror could be made very thin, that would help 
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The 6.5-meter (21-foot) furnace at the 
University of Arizona's mirror lab is | 
electrically heated to as high as 1,200°C, 
enough to melt borosilicate (Pyrex) 
glass. The furnace sits atop a 40-ft.- 
diameter turntable capable of rotating 
up to 12 rpm. When spun, the molten 
glass assumes a parabolic shape. At 
Université Laval, a simple apparatus 
spins a vat of liquid mercury (inset). 
The turntable holding the mercury 
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dissipate heat. But such a mirror would not be rigid 
enough; it would flex under its own weight, and its imag- 
ing quality would suffer. 

Yet another problem with current mirrors is that their 
focal ratios are too long. This is the ratio of the distance 
at which the mirror focuses incoming light to its diame- 
ter. The larger the mirror, the greater the focusing dis- 
tance, and the larger the dome needed to enclose the 
telescope. The smallest ratio for today's telescopes is f/2: 
The image is focused twice as far from the mirror as the 
mirror's diameter. 

“This makes for an incredible situation," said Angel. 
"If you have a primary mirror just twelve feet in diam- 
eter—comparable to the size of a backyard TV satellite 
dish—you must build a cathedral-size dome to house it." 

Why not simply make mirrors with smaller f ratios, say 
f/1? Then the focusing distance for any given diameter 
would be halved. 

"Because of the technical problems involved," Angel said, 
"they have never before been made." The trouble stems 
from the kind of shape the surface of a telescope mirror 
should have: a paraboloid. (Slice through such a solid, and 
the resulting curve is a parabola. The shape of a typical 
auto headlight reflector is a paraboloid.) 

“A parabolic mirror has the natural property that if you 
shine light onto it from a great distance," explained Angel, 
"jt brings the reflected rays to a focus at a single point. 
It's much harder to get a decent image with a spherical 
surface, because you don't get a single point focus—there's 
a tremendous aberration of focus." 

Traditionally, mirror makers started with a flat disc of 
glass, laboriously ground out material—sometimes tons 
of it from a really big mirror—until the approximately 
correct shape was reached, and then polished it with 
infinite care. The whole tedious process took years. What's 
worse, conventional polishing methods produce spheres. 
"They rely on the same principle as Galileo's," said Angel, 

"which is that if you rub two solid objects together every 
which way, you get spherical surfaces. That's what nature 
does all the time with pebbles on a beach. The faster a 


mirror is, the deeper its parabola, which is the same as 
saying how quickly it changes its curvature. Nobody has 
ever made a telescope faster than f/2 because they haven't 
figured out a way to polish a surface that changes its cur- 
vature so drastically.” 

In 1980, Angel, Neville J. Woolf, Steward Observatory 
Director Peter Strittmatter, and their University of Ari- 
zona colleagues began looking for ways to make mirrors 
that would be fast, rigid, and unruffled by heat. The spin- 
casting technology, together with an ingenious new pol- 
ishing tool, solves all three problems. How? When liquid 
molten glass is spun, it automatically assumes the shape 
of a paraboloid. (The same is true for all so-called “New- 
tonian" liquids, among which is water) And the faster 
the spin rate, the deeper the parabola. So the drastic cur- 
vature of an f/1 mirror is easily achieved. 

To reduce thermal mass while retaining stiffness, the 
Steward group uses a complex mold in the bottom of the 
oven so that when the glass melts and runs down the gaps, 
it forms à very lightweight one-piece honeycomb mirror 
blank. The honeycomb sandwich structure confers an ex- 
tremely high stiffness-to- weight ratio. 
Moreover, the honeycomb allows the 
mirror to be air-conditioned: Once it 
is in place, air jets can be directed into 
each empty cell from below. Heat can 
be vented so fast that nighttime con- 
vective-turbulence problems—shim- 
mering air—will not occur. 

The mirror lab produced a six-foot 


be cast in 1989, if all goes well. To accommodate all 26 
feet of such a mirror, which would be by far the largest 
ever made, a new nine-meter (30-foot) furnace will have 
to be built. 

Polishing such a highly curved and vast expanse of glass 
with traditional methods would be a nightmare. "Those 
techniques won't work on an f/1 mirror unless you use a 
one-inch-diameter polishing tool," said Angel, “and that 
would be about as much fun as cleaning the Washington 
Monument with a toothbrush." Solution: a computer- 
controlled polishing tool, or lap, that has 24 actuators 
—bending metal levers—around its circumference, each 
receiving pre-programmed information on how to change 
the shape of the tool so as to follow the curve. The bend- 
ing forces have to be accurate to within 0.1 percent, and 
the whole servo system must be extremely responsive, mak- 
ing changes at the rate of 1,000 times a second. The pro- 
totype tool being developed to polish the 11'5-foot mirror 
has a diameter of two feet. 

Plans for such monster mirrors are as ambitious in scale 
as the mirrors themselves. Two eight-meter mirrors from 
the Steward Observatory will be yoked 
in a binocular telescope dubbed the 
Columbus Project, aimed for installa- 
tion on Arizona's Mount Graham in 
1992. A joint effort of the University 
of Arizona, Ohio State University, the 
University of Chicago, and Italy's As- 
trophysical Observatory of Arcetri, the 
telescope will have the combined light- 
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When I visited the lab last spring, the 
21-foot furnace lid lay on the floor, not 
yet hoisted into place. 

“The cylindrical furnace consists of 
a heated floor, walls, and a heated lid; 
and inside that goes the mold in which 
the glass will be melted,” Angel told 
me. “It’s like baking a cake in the 
oven. The glass goes in in solid chunks. Spinning is started 
a little before the glass starts to melt. Basically, any time 
the glass starts to be molten, it wants to be a paraboloid. 
Everything spins on a ten-foot-diameter bearing.” 

The furnace is electrically heated with “toaster wire” 
nichrome elements. Supplied with 2.2 megawatts of power, 
the system will heat to 1,200 degrees C and rotate up to 
12 times a minute. The borosilicate glass used, the same 
as in Pyrex glassware, melts at 1,150 degrees C. (This 
glass expands and contracts much more than other mir- 
ror materials, such as glass ceramics. But it is much eas- 
ier to work with than they are, and its high coefficient of 
expansion is more than compensated for in the ventilated 
honeycomb design.) 

The first mirror blank from the new furnace is sched- 
шеа to be cast at the end of the year. It will be 11: feet, 
or 3.5 meters, in diameter, within a 12-foot mold. It will 
take the staff three or more days just to stack the 5,250 
pounds of glass, because each two-pound chunk must be 
carefully inspected. Melting will take about two days. With 
a spin rate of 8.6 rpm for 12 hours, the mirror will take 
the shape of an f/1.75 paraboloid. Then it will take six 
weeks for the glass to anneal properly. 

The ultimate aim, after a number of intermediate-sized 
mirrors have been made, is an eight-meter f/1 goliath to 


both too heavy and 


too small g 9 


versity is in Columbus. Really, though, 
from one point of view it's an Italian 
National Telescope. Its mission is to 
explore the universe; and 1992 is the 
500th anniversary of Christopher Co- 
lumbus's discovery of America." 

Columbus is one of four projects in- 
volving large spin-cast mirrors, with 
the other three still in the planning stages. First, astron- 
omers are considering upgrading the Multiple Mirror Tele- 
scope (MMT) on Arizona's Mount Hopkins by replacing 
its present six six-foot (1.8-meter) mirrors with one 6.5- 
meter (21-foot) mirror, which would more than double its 
light-gathering ability, at a cost of $10 million. The MMT, 
which went operational in 1979, is a joint venture of the 
University of Arizona and the Smithsonian Institution. 
The upgrade might be accomplished in 1989. 

Second, the Carnegie Institution, Johns Hopkins Uni- 
versity and the University of Arizona have announced 
plans to build the Magellan Project, an eight-meter mir- 
ror telescope at Las Campanas, Chile, where Carnegie al- 
ready operates telescopes. 

Most grandiose is a design for a telescope with four eight- 
meter mirrors hooked up in an array that will look like 
an overgrown rocket launcher and will have the light- 
gathering power of a single instrument 16 meters, or 52 
feet, in diameter. Called the National New Technology 
Telescope (NNTT), it is a project of the National Optical 
Astronomy Observatories; the site—Mauna Kea in Hawaii 
—was recently chosen. Funding will eventually come from 
the National Science Foundation, to the tune of about $150 
million. 


[Continued оп page 101 | 
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Using an asymmetrical arrangement of shark-fin-like vanes and a revised propeller shape, 


US. Coast Guard researchers have increased patrol-boat speed by 10 percent, while reduc 


ing fuel consumption by 15 percent. Commercial versions may not be far off. 


By CMDR. DONALD H. VAN LIEW, USCG 
Drawings by Dan Osyczka 


imer, a U.S. Coast Guard naval architect and project of- 
ficer for an experimental program aimed at improving 
the efficiency of our power boats: “Commander, the results 


T: excited voice on the phone was that of Gary Lar- 
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Coast Guard's 41-б. boats use 38 gal. of fuel per hour at 
cruise speed. New vanes and props cut consumption by 15%. 
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are the same as our last data. We did it... we got fifteen- 


percent fuel savings out of the boat, and more speed too!" 

What our small research group, led by Larimer under 
my direction, had set out to achieve two years before was 
now a proven success. By placing sets of custom-designed 
fins in front of specially twisted propellers, we had cut 
the fuel consumption of our 41-foot patrol boat by 15 per- 
cent while increasing its top speed by 10 percent. Our 
team had made a breakthrough in propeller efficiency that 
could do as much for motorboats as the winged keel has 
done for America's Cup yachts. 

Since the total fuel burned by the Coast Guard's fleet 
of 205 patrol boats amounts to about 1.3 million gallons 
per year, almost 200,000 gallons of fuel could be saved 
annually by retrofitting the small boats. And by applying 
this technology to the entire Coast Guard fleet, we could 
lower fuel usage by 5.5 million gallons per year. 

Design work was done at the Marine Vehicle Technol- 
ogy Branch of the USCG Office of Research and Develop- 
ment, which I then headed. Experimentation began in the 
fall of 1985 when our design team attached a strange- 
looking set of fin-shaped vanes to a patrol boat and began 
testing on the James River, not far from historic James- 
town, Va. The fins were attached to the inboard sides of 
the struts that support the twin counterrotating propeller 
shafts (see drawing). The semicircular configuration of the 
fins made them look as if someone had forgotten the other 
halves, an observation several of the welders and shipfit- 
ters laughingly made as they modified the test boat. But 
that unbalanced look was a key part of our success. 

The secret of the system lies in the way water flows 
around propellers that are set at the ends of inclined shafts. 
This layout is dictated by the engine locations and hull 
configurations of most of today’s commercial workboats 
and pleasure yachts. 

“This inclining causes the propeller to ‘see’ two totally 
different water flows, depending on whether its blades are 
on the upswing or on the downswing of each revolution,” 
says Gary Larimer. “The result is inefficient, uneven thrust. 
In the case of our forty-one-footer, only half the prop swing 
needs to have the swirl vanes operating on it. Since we 
dont need the other half of the circle covered with vanes, 
the drag they would cause is avoided.” 


Intuition vs. the Computer 


Not everything went smoothly during the test program, 
which was run on a tight timetable and a modest budget. 
The biggest shock came when we opened the shipping crate 
holding our expensive propeller, which had been computer- 
designed according to existing theories and equations. “It 
doesn't look right,” commented Curt Shields, our instru- 
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mentation and testing expert borrowed from the 
Words like this from a man of his practical experience 
worried us. The coming trials would prove that he was 
correct: The specially manufactured five-blade prop per- 
formed poorly. 

Running short on time, we decided to take an inexpen- 
sive off-the-shelf propeller and twist it according to our 
“feel” for what was needed in the modified flow that the 
vanes created. When we tested it on the patrol boat, we 


rt 


wasted by a 
result is increased vibration and reduced efficiency. The 
Coast Guard's system (above) uses four radially arranged 
vanes on one side of the propeller-shaft strut that give the 
incoming water a “pre-swirl” opposite to the propeller’s | 
direction of rotation. By swirling only part of the water, the 
vanes reduce uneven loading of the prop. The efficiency 
gain is seen in the reduced swirl in the boat’s wake. The 


saw an immediate reduction in fuel usage, vibration, and modified propeller uses less twist at the blade roots and 


cavitation (the formation of partial-vacuum bubbles on the 


more at the tips. This shape, which normally would cavitate 


blade surfaces). We also discovered that we had boosted severely, yields improved efficiency when combined with 


the boat’s top speed. 
[Continued on page 103] 


the vanes. The water’s precise path across the propeller is 
the subject of current research. 
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REENGINEERING THE 


Led by Ford and the high-tech Continental, the Big Three are adding sophisticated new 
engineering to the family sedan. Improvements include an air suspension with computer- 
controlled damping, balance shafts for smoother V6s, and a four-valve engine from General 
Motors. Chrysler and American Motors Corp. introduce two new mid-size sedans. 


By DAN McCOSH 
Detroit Editor 


transparent technology —changes 

intended to improve the breed 
while remaining mostly invisible to 
the driver. The reason is that most of 
the new models are aimed straight at 
the automotive heartland. With the 
exception of the Lincoln Continental, 
the new domestics are concentrated in 
the affordable middle price range. 
Even the Lincoln, to be priced in the 
low- to mid-$20,000 range, sits at the 
top of what is now considered the 
family-sedan class. 

General Motors Corp. is attempting 
to top Ford's popular Taurus/Sable 
with the first of its new line of 
GM10 intermediates. Chrysler Corp. 
stretches its front-drive platform into 


RESEARCH BY STEVEN ASHLEY AND JACK KEEBLER 


T: 1988 model year is the year of 


Riding on air 


a six-passenger sedan. And just as 
Lee Iacocca and company are in the 
process of taking over American Mo- 
tors Corp., AMC launches the new in- 
termediate Renault Premier. 

These family cars now are begin- 
ning to absorb some of the changes 
already wrought on strictly per- 
formance cars. New engines abound. 
With three new power plants, GM is 
introducing more new engines than 
new models, perhaps a first for the 
sheet-metal-conscious auto maker. 

Applying new technology to the 
family bus is a delicate art. Even the 
definition of performance changes. 
What does a 0-to-60-mph time mean 
on a trip to the grocery store? Or a 
skid-pad cornering figure to a driver 
with a potted plant in the back seat? 
The answer that comes back repeat- 
edly, with a trace of remorse about 


such foibles as the “talking car,” 
is that mainstream technology must 
have real benefits and be as unobtru- 
sive as possible. 


Fancy Ford 


A ride in Lincoln’s new front-drive 
Continental demonstrates the concept 
of transparent technology, though the 
newest Lincoln is hardly in the cate- 
gory of “basic transportation.” 

Cranking up the 3.8-liter V6 quick- 
ly demonstrates the effectiveness of 
the counterrotating balance shaft nes- 
tled between the 90-degree cylinder 
banks. Although the shaft isn't as crit- 
ical on an even-firing V6 as it is on a 
large-displacement four, it does help 
subdue residual shake. 

Even subtler is the newest version 
of the air-suspension system first in- 

Continued 
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The Continental (top) cloaks high technology with 
thoroughly American luxury-car styling. Suspen- 
sion (far left) is by air springs and adjustable 
shocks, both controlled by a network of sensors 
and a computer in the trunk. The system keeps 
ride height constant and varies damping accord- 
ing to road and driving conditions. A gear-driven 
balance shaft has been added to Ford's 3.8-liter 
V6 (left), which powers the Continental as well 
as other Fords and Mercurys. Ugly ducklings no 
more, the Tempo and Topaz (above) have been 
restyled to look more a part of the Thunderbird! 
Cougar, Taurus/Sable, and Continental family. 
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troduced on the Continental Mark VII. 
Added to the load-leveling feature is 
a fast-acting electronic system that 
stiffens the shock absorbers under cor- 
nering and braking loads. When I 
tromped on the brakes hard enough 
to activate the anti-lock system on a 
tooth-jarring section of washboard, 
this shock system quickly damped the 
wheels enough to maximize brake ef- 
fectiveness; it’s an aspect of the sys- 
tem likely to be more important than 
its small effect on cornering roll. 
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Standard anti-lock and four-wheel 
discs should put the Continental 
brakes in the class with the world's 
finest. But Ford Motor Co. opted for a 
much softer pedal feel than I expected. 

The anti-lock brakes and electronic 
suspension controls are two reasons 
why Ford bills the Continental as a 
technological test bed. But one antic- 
ipated feature, a multiplexed wiring 
system, didn't materialize on the 
early production cars. Ford engineers 
cited problems with durability in pre- 
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The Quad Four (top) becomes the first 
mass-produced domestic four-valve en- 
gine. It will initially be fitted to the 
Pontiac Grand Am, Buick Somerset, 
and Oldsmobile Calais. With two chain- 
driven camshafts, direct ignition, and 
port fuel injection, the Quad Four pro- 
duces 150 horsepower in basic trim. 
The Grand Prix (above and left) is Pon- 


tiac's stylish version of the new GM10 
coupe. The Buick Regal and Olds Cut- 
lass are based on the same platform, 


though exterior panels are different. 


production versions of the system. 

I particularly liked the new variable- 
boost powering steering. Ford chose a 
control system that progressively re- 
duces boost as speed increases. The re- 
sult is rock-steady highway feel with 
no loss of power for tight parking. 

And though it's billed as a techno- 
logical showpiece, the Continental is 
deliberately designed to do its job 
without directly signaling the driver, 
to make its technology "transparent." 
There's no light on the instrument 
panel, for example, to tell whether the 
shock absorbers are set for a hard or 
soft ride. You feel 1t instead. 


GM: engines, engines, engines 


Since nothing hits the senses quite 
as quickly as horsepower, GM is in- 
troducing three new engines in 1988 
and adding a 16-valve power plant for 
the hybrid Japanese-American Nova. 

The most exotic engine is the Olds- 
mobile Quad Four, an aluminum-block 
2.3-liter 16-valve four-cylinder gener- 
ating some 150 horsepower. GM is of- 
fering the Quad Four as an option in 
the three N-body coupes: Buick Som- 
erset, Pontiac Grand Am, and Olds- 
mobile Calais. 

Although the engine didn't feel par- 
ticularly peaky to me, the Quad Four 
doesnt generate its promised horse- 
power until it sets into the upper end 
of the power band. That makes it a 
slow starter with an automatic. And 
despite the work done to lighten the 
reciprocating pieces, the Quad Four is 
still rougher than the best European 
engines in the same displacement 
range—although it beats them in spe- 
cific output. 

Considerably smoother is the new 
version of the 3.8-liter V6. Called the 
3800, it uses a single block-mounted 
balance shaft to smooth residual 
shake. Another major improvement 1s 
shifting the position of the cylinder 
bores in the V6 engine block so that 
the bore centers line up precisely with 
the crank pins. (Earlier 3.8-liter V6s 
had the bores slightly offset.) This re- 
duces internal friction and allows light- 
er pistons. Horsepower now is 165, 
and torque output is 210 pound-feet. 

Cadillac has upgraded its aluminum 
V8, boring the engine out to 4.5 from 
the previous 4.1 liters. The result, I 
found, is a dramatic improvement in 
low-end acceleration and elimination 
of hunting on shallow grades as the 
transmission seeks the proper gear. 

GM's strongest technical achieve- 
ment for 1988 may well be the four- 
wheel-drive Pontiac STE, the first 
performance-oriented four-wheel-drive 
system from a domestic auto maker. 
The STE system uses a planetary dif- 
ferential with a 60-40 torque split, 


CHRYSLER AND AMC 


The Premier (above), Re- 
nault’s new sedan, was de- 
signed in Italy by Giorgio 
Giugiaro, and will be built 
in Ontario. The base en- 
gine is the 2.5-liter Jeep 
four. The Premier will like- 
ly be sold by both AMC 
and Chrysler dealers. The 
Chrysler New Yorker and 
Dodge Dynasty (right) 
bring front-drive technol- 
ogy and V6 power to a mid- 
size sedan. Chrysler hopes 
to woo drivers put off by 
the aero styling now pop- 
ular at Ford and GM with 
more angular body styles. 


which can be locked tight for tough 
going. Associate automotive editor 
Jack Keebler spotted another inter- 
esting feature: Steering knuckles are 
already in place on the rear axle, 
obviously for a future four-wheel- 
steering system. 

Pontiac’s mid-engine Fiero makes 
some serious strides with a new front 
and rear suspension system that han- 
dles better on rough curves. Also dem- 
onstrated was a new power steering 
system for the Fiero that operates the 
rack and pinion hydraulically, using 
power from an electric pump. 

Chevrolet has new handling pack- 
ages for the Cavalier, Corsica, and 
Camaro. But the most interesting 
technical work Chevy unveiled was a 


highly unusual cooling system for the 
exotic twin-turbo Callaway Corvette. 
The 370 horsepower generated by this 
modified engine demands a superior 
cooling system. The answer is the first 
use of the new propylene glycol sys- 
tem developed by Mecca Development 
Inc. (“Cooler Heads for Hotter En- 
gines," June 86]. One benefit of the 
system is that it runs at atmospheric 
pressure, thanks to the high boiling 
point of the fluid. A disadvantage is 
that Corvettes so equipped will have 
to carry cans of spare coolant, since 
it’s not likely to be widely distributed. 

Buick and Oldsmobile, having de- 
cided they've been doing too much of 
the same thing, are struggling to find 
separate identities. For Buick, this 


means putting its high-output 3.8-liter 
turbo out to pasture— where it's al- 
ready being eyed by Pontiac for future 
Trans Ams. 

For 1988, Buick's emphasis is on 
mid-range cars such as the new Regal, 
and performance is limited to T-type 
options. Olds, meanwhile, will try to 
spice up its offerings, though it will 
take time before the changes are ap- 
parent in anything but the advertis- 
ing campaigns. 


Quietly conservative Chrysler 


Given General Motors' strength in 
mainstream sedans, its new GMIO 
coupe lineup, and the runaway suc- 
cess of Ford's Taurus/Sable, Chrysler's 

[Continued on page 103] 
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Wood-epoxy construction 


featherweigh 


A duo of expert woodworkers designed and built this handsome camper shell for their 
pickup truck. It combines light weight and custom features unavailable in commercial 
models. The project borrows bonded-ply wood building techniques used in tough little boats. 


By PAULand MARYA BUTLER 


shopping for a camper shell, or “topper,” to fit over 

the bed. We wanted a small, lightweight shell for easy 
placement and removal, with a low profile for good gas 
mileage and plenty of insulation for comfortable camping 
during Montana winters. And we had specific ideas about 
ventilation hatches, windows, and doors. We were also look- 
ing for an enclosure with more warmth and appeal than 
aluminum or fiberglass types. After an unfruitful search, 
we decided to build one ourselves. 

Having successfully used the wood-epoxy construction 
technique for building boats [see March '84 and “Sliding- 
Seat Dory,” June '87], we decided to proceed with the 
camper cap using these proven methods. Our round- 
cornered design uses a stiff yet light internal frame of 
spruce and plywood gussets—like an upside-down boat. 

We used mahogany plywood for the skin of the shell 
because hardwood ply takes epoxy well and, unlike do- 
mestic grades of softwood plywood, does not require sheath- 
ing with fiberglass cloth. Hardwood ply is also available 
in a wide variety of standard and metric thicknesses for 
laminating. We achieved the large 12-inch-radius rounds 
on the top edges of the shell with two epoxy-glued lami- 


E ven before we bought our new pickup truck, we began 
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& EPOXYGLUED INTO PLACE 


DRAWINGS BY MARYA BUTLER 


86 | POPULAR SCIENCE 


nations of four-millimeter-thick mahogony ply- 
wood. (These imported types of plywood are 
sold in metric dimensions.) We made the top 
and sides of the shell with single sheets 
nine millimeters thick to provide 
a close match in thickness. 
Two laminations of 
four millimeters, 
plus the epoxy glue 
line, finish out ac- 
ceptably close to 
nine millimeters. 
Other thicknesses 
of plywood can be 
substituted, but “% 
inch is close to the 
maximum thickness for 
achieving the radius shown 
in the diagrams. AA-grade 
domestic softwood ply- 
wood (or its equivalent) may 
also be used— as long as it 
will make the required bend— 
but will usually require sheath- 
Continued 


LAG BOLTS 


CAN BE USED 
TO SECURE SHELL 


BOTTOMS OF POSTS ARE 
TAFERED TO FIT EASILY 

INTO HOLESIM TRUCK. BED SIDES 
SOLVING ALIGNMENT DIFFICULTIES 


Camper top's foam-insulated rear doors fit inside the tail- 
gate when closed. They swing open to allow 4-by-8-ft. 
plywood sheets to fit in the truck bed. Frame construction 
(details at left) allows easy installation on the truck's sides. 


PHOTO BY PAUL BUTLER 


OCTOBER 1987 | 87 


i l * 2 LAMINATIONS y% 
/ -] OF 4mm PLY ON ROUND 


ms Imm PLY GUSSETS 


Ji / BUTT BLOCKS ADDED TO SEAMS AFTER. ~ 
I| | ROUNDS HAVE BEEN LAMINATED ON FRAME 
| / &ЕРОХҮ HAS CURED ... PROVIDING A BEARING 
C] AND FASTENING SURFACE FOR SIDES + ТОР 


12" RADIUS. APPROXIMATELY 20° 
ON ROUNDS ——— ANGLE 


> 


— STRIPE 
& WINDOW 
DIMENSIONS 


FOR CAP TO FIT 
1986 DODGE. LONG BED 


CAB WINDOW 
OPENING 


1" x3"SOLID 
MAHOGANY 


DOUBLE LAYER 
= e 2 OF 4mm PLY 


TOF SINGLE 
LAYER. OF 
Omm PLY . 


ЛАТА 


The diagrams above detail construction methods. The ореп- 
ing facing the sliding rear cab window is sealed and pad- 
ded inside and outside with pneumatic boots (supplied by 
Universal Allied Products, Box 58044, Seattle, Wash. 98188). 
Tinted acrylic windows are attached by black flathead 
screws to wood moldings glued to the inside of the cap. 
The perimeter is sealed with a tiny bead of silicone between 
the window and wood. A black painted stripe over the shell 
top complements the windows. The insulated shell heats 
quickly from the truck cab and stays warm while traveling. 
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ing with lightweight fiberglass cloth saturated with epoxy 
to ensure long-term waterproofing. 

We made all straight framework sections from Sitka 
spruce bonded to the plywood radius gussets, using a gluing 
jig to ensure accuracy. Each completed frame was notched, 
epoxy bonded, and filleted to the laminated-plywood side 
shelf, which sits flat on the truck bed. 

Sitka spruce is unexcelled for its ratio of strength to 
weight; before the doors, windows, and insulation were 
added, the bare shell weighed only 75 pounds. Even the 
completed shell is easy for two people to lift onto and off 
the truck. Using epoxy eliminates the need for metal fas- 
tenings in the shell, except for the attaching hardware 
for doors, hatches, and windows. 

Final alignment and reinstallation after removal is made 
simple by short tapered studs that slip into the holes in 
the sides of the truck body. Two people can easily remove 
the shell by slipping a pair of 2x4s under the shell and 
walking it off the bed of the truck. The short mounting 
studs also provide an alternative to bolting the shell in 
place by drilling bolt holes through the bed of the truck, 
because lag screws and large washers can be attached to 
the studs to anchor the shell in place. 

The camper-cap design is adaptable to any size pickup 
truck. It can also be made taller by simply extending the 
sides; the style of doors, windows, and cab openings are 
left to the builder to choose. The photo (previous page) 
shows mahogany racks atop the shell, which act as struc- 
tural reinforcement and as a carrier. If heavy loads are 
planned, you can attach three or more racks. The racks 
are mahogany that's been laminated, screwed, and glued 
to the top, and filleted for added stiffness. 

If, when camping, you choose not to sleep on the bot- 
tom of the truck bed, a comfortable bunk made from sec- 
tions of 34- or one-inch plywood may be fitted across the 
truck-bed sides. This platform will also provide extra stor- 
age space beneath. (Always allow sufficient ventilation 
inside the cap while sleeping, and under no circumstances 
leave the truck engine running.) The interior of our shell 
is insulated with 1%-inch-thick Sty- 
rofoam brand plastic foam fitted be- 
tween the spruce ribs. Because the 
ribs are 1'» inches wide, the foam fits 
perfectly and provides a smooth sur- 
face over which we attached a fabric 
covering. In addition to its sound- 
deadening benefits, the fabric is easy 
to apply and is usually less expensive 
than other interior treatments such 
as plywood paneling. 

After all exterior wood surfaces are 
sealed with three coats of epoxy—or 
sheathing, if applicable—all that re- 
mains is to apply a sunscreen. Paint 
is the best sunscreen, and a pigmented 
finish over an epoxy-sealed surface will 
protect the wood for many years with- 
out maintenance of any kind. If you 
want to highlight the beauty of the 
wood, the choices are sunscreen var- 
nish or two-part urethane paint. Var- 
nish will protect the surface for about a year before a 
touch-up is needed. T'wo-part clear polyurethane paint will 
protect the epoxy finish for approximately four or five years 
without any attention, but it's costlier and requires more 
work to apply. 


TO TAKE 
BEND 


SUPPLIERS OF PLANS AND MATERIALS 

The Butlers, Box 1513, Hamilton MT 59840-1513 (detailed plans with materials sources, 
$25); Hudson Building Supply, Inc., Box 1184, Elkhart IN 46515 (spruce veneer); The 
! Brothers, Inc., Box X908, Bay City MI 48707 (epoxy, fillers, and accessories) 


Stacked-on 
` master batn 


Easy-to-install whirlpool tub, handy laundry chute, neat solution to plumbing problems. In 
this final part of his roof-raising adventure, the author masters his second-story bath. 


By TIMOTHY O. BAKKE 
Photos by Greg Sharko 


hat's one of most cost-effective 
МУ: projects 
the average homeowner can 
take on? You guessed it: adding a sec- 
ond bathroom (according to the Na- 
tional Association of the Remodeling 
Industry). Whether you do the work 
yourself or hire it out, your house will 
increase in value more than the cost 
of the job. 
That was one reason I added a bath 
to the plan when I contemplated my 


roof-raising project [see Oct. '86, June 
'87]. The other was convenience. With 
the added living space on the second 
level, an accompanying bathroom 
seemed logical. Besides, my wife, Mar- 
ion, and I felt the need to spoil our- 
selves a bit with a spacious bath off 
our equally spacious and airy master 
bedroom. 

The result, which includes a fiber- 
glass whirlpool tub, water-saving toilet, 
and built-in laundry chute, is shown 
above. My father and I did all the 
work, and most of it, as you'll see, was 
pretty easy. But first we did have to 


Life in a goldfish bowl: The entire 7V5-by-11'5-ft. second-story bathroom is captured by the camera’s fish-eye lens. 


ROOM AT 
THE TOP 


clear one major hurdle: the plumbing. 
Whenever you add a bathroom, es- 
pecially on the second floor, the plumb- 
ing can trip you up unless you're lucky 
and can place the fixtures near exist- 
ing waste and supply lines. I was par- 
tially fortunate: An interior partition 
gave me a clear shot from upstairs to 
the basement mains. With the toilet 
and lavatory on the same wall as the 
new roughed-in plumbing, there were 
no problems with hookup. But the tub, 
on the opposite side of the room, was 

anything but problem-free. 
Continued 
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Magnetic catches on the fiberglass 
whirlpool tub’s removable front panel 
make for easy servicing (above); a re- 
movable panel built into the tub-side 
wall of the large linen closet shown 
below right also provides access to 


I could have installed the plumbing 
for the tub under the floor; however, 
the outside wall supports a cantile- 
vered deck, with doubled joists extend- 
ing five feet into the house. Therefore, 
the bathroom floor is supported by 
triple 2x6s every 16 inches. Thread- 
ing 12 feet of waste and supply lines 
through this mass of lumber would 
mean a lot of hard work and excruci- 
ating reinforcement of the joists. Scrap 
that idea. 

I had a number of other alterna- 
tives, but the best seemed to be to dou- 
ble the outside wall. I would lose 31⁄2 
inches of floor space, but a bathroom 
this size could afford that. What would 
I gain? Double the insulation on the 
outside wall, a generous insulated cav- 
ity for plumbing, extra space for a 
laundry chute, a shelf at the south- 
facing window, and a clean, finished 
look. The only compromise I had to 
make was raising the tub/shower by 
eight inches so it would drain properly. 

The fiberglass whirlpool tub/shower 
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the pump (see drawing). Flush door of 
laundry-chute cabinet (above right) is 
fitted with spring hinges; 7'2-in. cavity 
opens to 11'2-in.-sq. chute just below 
floor. Drawing on the opposite page 
shows room framing and floor plan. 


and enclosure from Sears, Roebuck 
and Co. couldn't have been easier to 
install. The whirlpool plumbing is al- 
ready assembled on the tub: Just drop 
the tub into a prepared cavity, hook 
it to the drain, and connect and wire 
up the whirlpool pump. The no-caulk 
fiberglass enclosure is just as easy. It 
comes with complete instructions and 
will take a reasonably handy home- 
owner just a few hours to install. 


Look out below! 


With any second-floor bathroom, 
installing a laundry chute is a great 
idea, if possible. As with plumbing, 
happenstance plays a large part in 
planning one: You must have a clear 
pathway to the laundry room, and it 
has to coincide with a convenient 
spot in your bathroom. My 11'-inch- 
square chute extends from the bath- 
room through a first-floor closet direct- 
ly to the laundry area in the basement. 
I built a 434-inch-deep oak-plywood 
cabinet lined with 'A-inch hardboard, 
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so a 7V5-inch space funnels into the 
11i5-inch chute (see drawing). 

I used oak as a major design ele- 
ment, and this, along with the modern- 
looking tub, the low-boy water-saving 
toilet (also from Sears), and original 
folk art decorations by Cathi Bach- 
man, creates a Country Contemporary 
atmosphere. To complement all the 
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The following manufacturers were selected for this project: BOARD | saTHTUB’ | | 

American Olean Tile Co., 1000 Cannon Ave., Lansdale PA - 7.3" pie eee | " 

19446 (Suedetones tile); Cathi Bachman, 275 Kings Hwy. | | 

Warwick NY 10990 (folk art decorations); Caradco Corp., - | BATHROOM 

Box 920, Rantoul IL 61866 (window); Sears, Roebuck and i/2" CEMENT Мр 

Co., Sears Tower, Chicago IL 60684 (fixtures and cabinetry); BOARD Hs IH rores We 

USG Industries, Inc., 101 S. Wacker Dr., Chicago IL 60606- -— 


4385 (Durock, latex tile adhesive, grout) 


SECTION "B" FRAMING PLAN 


oak cabinetry, I used six-by-six-inch 
ivory-colored tiles from American 
Olean’s new line, Suedetones. By using 
the same tiles on the floor and walls, 
I achieved a wraparound effect. The 
Cadet Blue accent stripe in the floor 
is echoed by the wallpaper border. 
The floor tiles were installed over 
USG Industries Durock tile backer 


board with a latex adhesive that's easy 
to work with. The portland cement- 
mortar-based Durock provides a strong 
bond for tile, and although it's intend- 
ed for water-soaked areas like tiled-in 
tub surrounds, this is a good secondary 
application—no need to worry about 
water that inevitably finds its way to 
the floor When you install ceramic 


tiles, I recommend renting a power tile 
saw. You can make almost any cut eas- 
ily, and it saves a lot of time. 

I also advocate adding a second 
bath. You cant go wrong with the in- 
vestment, and if you have just one 
bathroom, especially in a two-story 
house, you don't realize the conve- 
nience you're missing. rH 
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15 THERE LIFE 


Millions of auto, truck, motorcycle, tractor, and other engines built to run on leaded gasoline 
are in service today, yet this fuel is being phased out of production. Deprived of lead, some of 
these engines can suffer expensive damage. Here's how to tell whether your engine is one of 
those at risk, and if so, what you can do about it. 


By STUART F. BROWN 


t least 30 million vehicles in use 
A: the United States today were 

designed to run on gasoline con- 
taining lead. Millions of other engines 
in boats, farm equipment, and station- 
ary machinery were also built in the 
days of leaded gasoline. Unleaded gas 
can damage these engines. But in 
some areas of the country, leaded gas- 
oline is getting hard to find. 

This trend is likely to accelerate. 
“The lead question is the hottest con- 
sumer issue I’ve run across in a de- 
cade,” says John Fobian, director of 
automotive engineering at the Amer- 
ican Automobile Association. “We get 
letters asking about it all the time.” 

Do you have a late 1960s or early 
1970s car used for trailer towing? A 
1986 motor home with a Chevrolet 454 
engine? A 1972 pickup with a GM 292 
engine that’s used for heavy hauling 
on the turnpike? Or a 1970s Harley- 
Davidson motorcycle that’s ridden 


hard and fast? You could have a prob- 
lem running these vehicles on un- 
leaded gas. The table accompanying 
this article offers a guide to the com- 
binations of engine types and use con- 
ditions that can result in problems. 
How can unleaded gas damage en- 
gines? How fast will leaded fuel dis- 
appear? What can you do if you have 
a vulnerable engine? Here’s what 
Ive learned from fuel chemists, en- 
gineers, and government officials. 


Valve recession 


When leaded gasoline was used in 
virtually all vehicles, most engines 
were built with exhaust valves and 
valve seats (the area of the cylinder 
head against which the valve closes) 
made from relatively soft metal. De- 
spite their lack of hardness, these 
parts gave good service due to the lu- 
bricating effects of lead. 

As it burns, leaded fuel leaves a 
tan-colored deposit of lead-oxide com- 
pounds on an engine's valves and com- 


bustion chambers. The oxide layer 
serves as a cushion against the pow- 
erful impact of the valves slamming 
shut against their seats, which occurs 
several thousand times per minute in 
an operating engine. The lead depos- 
its also lubricáte the valve stems as 
they slide through the valve guides, 
greatly reducing their rate of wear. 

If an engine designed for leaded fuel 
is run using unleaded fuel, the lead 
deposits inside the combustion cham- 
bers wear away, taking with them 
their valve-lubricating effect. Damage 
can follow quickly. 

A Chevron Research Co. study pub- 
lished by the Society of Automotive 
Engineers found that cast-iron valve 
seats begin to form flaky oxides at 
high temperatures that tear away and 
form hard nodules in the valve faces. 
In subsequent operation, the nodule- 
imbedded valves abrade their seats 
like grinding wheels, causing the seats 
to recede into the cylinder heads. At 
this point, the valves may cease to seal 

Continued 


The U.S. government has taken a look at Octane 


When I’ve mentioned that I’m researching valve re- 
cession, at least a dozen people have asked about 
"that company that sells lead in cans." The com- 
ments range from 1960s performance vehicle own- 
ers, who are glad to know the lead is available, to 
environmentally minded persons, who want to know 
why the government isn't pulling the stuff off the 
shelves. The product is Real Lead 104+ Valve Saver, 
made by Octane Boost Corp. in Dallas, Texas. 

The label on the $9 one-quart can claims the con- 
tents gives 20 gallons of unleaded gasoline the “mini- 
mum equivalent" of 0.1 gram of tetraethy! lead per 
gallon—the maximum level the EPA currently per- 
mits. John C. Peevey, Octane Boost's executive vice 
president, says each can contains 1.05 grams of 
tetraethyl lead—about as much as did one gallon 
of leaded gasoline in 1984. Another active ingredi- 
ent, ammonium phosphate, works with the lead to 
provide the valve-lubricating equivalent of 0.1 gram 
of lead per gallon, he claims. 

The 1.05-gram-per-quart lead level in Real Lead 
complies with the Surgeon General's recommenda- 
tion that 4.28 grams per gallon is the maximum for 
safe handling of leaded gasoline, Peevey says. 
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Boost's product, reports Richard G. Kozlowski, di- 
rector of the EPA's field operations and support di- 
vision. “Ме tested Real Lead, and it has about five 
grams per gallon concentration of lead," he says. 
"Looking at the label, you would think that it con- 
tained between six and eight grams per gallon. But 
it doesn't. We have not reached a conclusion that 


five grams of lead concentration is so bad from a | 


health standpoint that we are going to force this guy 


out of business. But if we get an indication from | 
our health people that this is the case, we will take | 


action," Kozlowski promises. 

Peevey responds that the Real Lead formula has 
been revised since the EPA's test to comply with 
the Surgeon General's recommendation. 

The EPA, Kozlowski notes, doesn't oppose the use 
of canned lead additives in leaded-gas vehicles whose 
owners feel they need valve-recession protection. But 
he does predict that the packagers will eventually 
run out of tetraethyl lead and be unable to obtain 
more from the manufacturers, who strictly limit its 
distribution to fuel refiners. Peevey admits that if 
the refiner that blends the lead into Real Lead shuts 


off the supply, Octane Boost could be hard pressed © 


to locate more. — S. F. B. 


AFTER LEAD? 


PHOTO BY GREG SHARED 
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Cross-sectioned cylinder heads at top are from Lubrizol at left contain Lubrizol's PowerShield аса т. Unocal's 
Corp. test engines. Under prolonged high-rpm operation Valve Saver contains an amine phosphate compound. Mer- 
with unleaded fuel, the valve-seat area circled at left has сигу Marine recommends Quicksilver Valve Lubricant for 
receded deeply into the iron cylinder head, causing poor its four-cycle inboard engines. Harley-Davidson says its 
valve sealing and compression loss. The valve-seat area at Duralt formula, produced by Polar Molecular Corp. in 
right was protected by an anti-wear additive. The products Saginaw, Mich., protects its pre-1984 engines. 
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Four-cycle engines that may need 
an exhaust-valve anti-wear additive 
when run with unleaded gasoline 


Рге-"72 model-year cars, pre- "16 light trucks and those vehicles 


without catalytic converters 


Pre-"78 trucks and motor homes over 6,000 GVW 


'78—'B7 trucks and motor homes over 8,500 GVW 


Motorcycles (four-cycle) 


Farm equipment: tractors, combines, reapers 


Stern-drive and inboard four-cycle boat — 


GEE noces sea sep‏ ڪھ 


1) Needs an exhaust-valve anti-wear additive at all times. 

2) All trucks used for farm and commercial applications need 
an exhaust-valve anti-wear additive. 

3) Load conditions requiring an exhaust-valve anti-wear ad- 
ditive (any one or more of the following situations can be 
considered a state of "Ioad"): A) towing trailer or vehicle; 
B) continuous wide-open throttle operation; C) climbing 
grades greater than 2—3%; D) plowing snow or earth; 
E) racing; F) pumping water; G) exceeding vehicle carrying 


capacity; H) boats: towing a water skier; I) hot weather 
(over 95° Р); J) luggage rack on roof; К) using an air con- 
ditioner; L) motorcycle carrying two riders. 

4) Motorcycles: Japanese before early 1970s, pre-1984 
Harley-Davidson, pre-1981 BMW, all Moto Guzzi, Ducati, 
and British motorcycles. 

5) Of the 2.3 million farm-use engines, 44% still require 
leaded fuel. 


NOTE: This table is intended as a general guide to engines that may be vulnerable to excessive exhaust-valve recession. Because 
there is so much variation in engine design and fuel requirements, if is essential to check the owner's manual for manufacturer's 
fuel recommendations. For more information, write to the International Society for Vehicle Preservation. Enclose a large SASE 
with details about the engine and exactly how it is being used. Send to: /SVP Box 50046, Tucson, Ariz. 85703-1046. 


Source: International Society for Vehicle Preservation, Copyright «) 1987 ISVP 


— aids iner heads 


DRAWINGS BY ELIOT BERGMAN 


If you have a cylinder head (or heads) with 
burned valves and damaged valve seats, it's 
time to visit a reputable automotive machine 
shop for installation of hardened exhaust-valve 
seats, high-quality exhaust valves, and silicon- 
aluminum-bronze valve guides. These up- 
grades will enable the engine to run safely 
on unleaded fuel. Ask for hard high-chromium 
or 60-percent-alloy valve-seat inserts. They 
are usually supplied several thousandths of 
an inch oversize; this ensures a tight inter- 
ference fit. The correct installation of the 
seats is critical; the walls of each valve-seat 
insert opening bored into the cylinder head 


the combustion chambers tightly, caus- 
ing loss of compression, power, and 
fuel efficiency. 

What happens next can put an en- 
gine completely out of action. As the 
valve seats recede farther into the cyl- 
inder head, they eventually take up 
all the free play in the valve-adjusting 
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must be at a true 90 degrees to its bottom. 
The surest installation procedure is to heat 
the head or valve-seat area to 300 to 400 
degrees F while cooling the inserts in dry ice 
for 10 to 15 minutes before pressing them 
in. The resulting shrink fit provides correct 
contact for transfer of heat from the inserts 
to the metal of the head. “It’s imperative to 
use a heat-transfer compound such as Fluid 
Weld when installing inserts, as it helps fill 
in the roughness in the walls and bottom of 
the hole," says Denny Wyckoff, owner of Motor 
Machine & Supply in Tucson, Ariz. (Fluid Weld 
is made by Seal-Lock International, Glenside, 


Pa. 19036.) He also advises against the use | 
| adult males. In 1982, the EPA began 


of any silicone or oil assembly lubricants, 
which can act as unwanted heat barriers. 
First-class replacement valves are plasma- 
faced with Stellite and cost about $27 each. 
Because they aren't exposed to the 1,400- 
degree exhaust gases, the old intake valves 
can be used—if they are in good condition. 
Hard valve seats are available from Martin 
Wells Industries ("Well-Tite" Div., Box 01735, 
Los Angeles,Calif. 90001) and Safeguard En- 
gine Parts Inc. (Manley Valve Div., 400 N. 
State St., York, Pa. 17405).— 5. F. B. 


mechanisms. Once this slack is gone, 
the valves fail to close completely, and 
quickly burn to a crisp around their 
edges in the ferocious heat of the com- 
bustion process. Depending on the 
type of engine, the repair bill can run 
anywhere from a few hundred dollars 
to well above a thousand dollars. 


Lead wasn't originally put into gas- 
oline to enhance valve life. In the 
1920s, when petroleum-refining tech- 
nology was far less advanced than it 


| is now, gasoline had an octane rating 
| of only about 70—a far cry from to- 
| day's 90-octane fuel. Octane is a mea- 


surement of the ability of a fuel to 
resist detonation, or knock, which can 
cause serious damage to pistons, con- 
necting rods, and cylinder heads. 
Working at General Motors Research 
Corp. in 1921, a team headed by the 
legendary engineer Charles Е “Boss” 
Kettering found an inexpensive sub- 
stance that dramatically improved the 
octane rating of gasoline: tetraethyl 
lead. This colorless and extremely 
toxic liquid slows down and smoothes 
the flame front's travel through the 


| combustion chamber, taming the dis- 


orderly combustion process that pro- 


| duces knock. Kettering found that 


with higher-octane fuel, compression 
ratios could be boosted from 4.1:1 to 


| 7:1 and above, resulting in major in- 


creases in the power and efficiency of 
the engines of the day. The modern 
high-output engine had its roots in 
this discovery. 

A decade and a half ago, govern- 
mental and public concern about air 
pollution put engineers to work 
feverishly preparing to meet tough 
exhaust-emissions standards the En- 
vironmental Protection Agency set for 
1975. At that time, the catalytic con- 
verter appeared to be the most prac- 
tical device for reducing the pollutants 
in exhaust. But there was one seri- 
ous hitch: Lead in gasoline quickly 
and permanently destroyed the cata- 
lyst's effectiveness. Clearly, new cars 
would have to be designed to run on 
unleaded gasoline. 

Meanwhile, medical data were 
being compiled that implicated lead 
in health problems in children, as well 
as in elevated blood-pressure levels in 


a program to reduce the amount of 
lead in the atmosphere by lowering 
the maximum content of leaded gaso- 
line to 1.1 grams per gallon from the 
1970s lead level of about 2.5 grams. 
The auto makers switched to harder 
and costlier valves that could toler- 
ate the mechanical shock of hitting 
the seats without a cushioning assist 
from lead. The cast-iron cylinder 
heads used in most engines were given 
an electrical induction hardening 
treatment, which increased the dura- 
bility of the valve-seat areas. Alumi- 
num heads, or those used in heavy- 
duty applications, received pressed-in 
ring-shaped valve-seat inserts made 
from tough heat-resistant alloys. 
The EPA continued phasing lead out 
Continued 
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Is there life after lead? Continued 


of fuel, reducing the additive to its cur- 
rent maximum level of 0.1 gram per 
gallon in 1986. The agency was con- 
sidering a complete ban on lead in gas 
beginning next year. But now, this 
probably won't happen. 

Farmers, backed by the Department 
of Agriculture, are among those who 
fear that their gasoline-engined equip- 
ment might be damaged by a total ban 
on lead. So the EPA launched a $1- 
million study, recently completed, that 
included dynamometer testing of ag- 
ricultural engines running on various 
types of fuel. The results clearly show 
that valve recession is a serious prob- 
lem for some of these engines when 
unleaded fuel is used. 

Richard D. Wilson, director of the 
EPA's office of mobile sources in Wash- 
ington, explains the agency's current 
thinking about leaded gasoline: "We 
talked about eventually going to zero 
lead, but we arent ready to do that 
because we suspect there are a num- 
ber of engines that could have valve 
problems. We don't have any present 
plans to do anything more about lead 
from a regulatory standpoint. I hope 
the marketplace will take care of the 
remaining lead question." As the 
fleet of leaded-gas engines is retired 
and refiners stop producing the fuel, 
"leaded gasoline could become a spe- 
cialty product in a matter of several 
months," he predicts. 

Studies indicate that the sharp over- 
all decline in use of lead in fuel since 
1976 is closely matched by a steep de- 
cline in the levels of lead found in peo- 
ples blood. Although recent research 
suggests that children's mental devel- 
opment is slowed by fetal exposure to 
levels of lead lower than were pre- 
viously thought harmful, the small 
amount of the additive now present 
in leaded gasoline—which accounts 
for about 25 percent of total gas sales 
—appears to be politically acceptable 
to the EPA. 

The EPA maintains that 0.1 gram 
of lead per gallon is sufficient to pro- 
tect engines against valve recession. 
Several studies support this. Some ex- 
perts disagree, however, citing data in- 
dicating that as much as 0.5 gram is 
required to protect some engines. In 
any case, the argument will probably 
remain academic. The EPA is unlikely 
to increase lead levels in fuel, having 
devoted so much effort to reducing 
them. 

So the good news (for older engines) 
is that leaded gas will not be banned. 
The bad news is that it’s disappear- 
ing anyway. The timing is unfortunate 
for some vehicles; the new 65-mph 
speed limit posted on many interstate 
highways is making engines work un- 
der heavier loads. 
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I spoke with Jack Peckham, the 
managing editor of US. Oil Week, 
a trade publication that follows 
petroleum-product pricing and mar- 
keting. “There are already several 
major oil companies that have stopped 
marketing leaded gasoline in some 
areas," he says. “Amoco is the leader. 
Their Texas City refinery is the big- 
gest one in the United States, and it 
doesn't make leaded gas anymore. The 
refiners saw the end of leaded gas com- 
ing, and most of them are ready for 
it. They have invested hundreds of mil- 
lions of dollars over the last few years 
in refinery upgrades to be able to pro- 
duce all unleaded gasoline." 

In several areas of the country, gas- 
oline refiners are test marketing a 
new product: mid-grade 89-octane un- 
leaded gas, which is priced between 


gular gas 
sometimes contains only 
the slightest trace of 
lead —not enough to 
provide valve protection 


for some engines p 7 


87-octane unleaded-regular and 92- 
octane unleaded-premium grades. Be- 
cause most service stations are only 
equipped to handle three grades of 
fuel, leaded-regular gasoline gets 
pushed out of the picture. 

Leaded fuel will quickly vanish from 
regions that have low populations of 
older vehicles, Peckham predicts. 
"Florida will be the first state to lose 
leaded gas on a very widespread basis. 
The northeast will be another area 
where motorists will start noticing it's 
hard to find. The Midwest farm belt 
will probably be the last market where 
leaded gas will be dropped, because 
there's a lot of older machinery there 
that runs on it." 

There are a few more wrinkles to 
the leaded-gas story. For one, "The 
EPA-mandated lead content of 0.1 
gram per gallon is only a maximum 
level. There is no minimum required 
lead content," advises Walter R. 
Haessner, executive director of the In- 
ternational Society for Vehicle Pres- 


ervation. “Gasoline sold as regular 
grade sometimes contains only the 
slightest trace of lead—not enough to 
provide adequate valve protection for 
some engines," Haessner warns. 

Finally a new type of leaded gas 
that offers superior valve protection 
is becoming available in some parts 
of the country, according to Ethyl 
Corp., which is marketing to fuel re- 
finers a valve-protectant and octane- 
boesting package called HiTEC 1000. 
Designed for the blending of leaded 
regular gasoline, it adds 0.1 gram of 
tetraethyl lead and 0.1 gram of a man- 
ganese compound, called MMT, to each 
gallon of fuel. 

"The lead and the MMT work to- 
gether in a synergistic way to provide 
the valve-protection equivalent of 
about 0.5 gram per gallon of lead," 
says Dr. Donald К. Lynam, Ethyl’s di- 
rector of air conservation. Look for 
HiTEC 1000 to appear first in the 
farm belt of the Midwest. Some refin- 
ers will advertise the additive at their 
regular-grade gas pumps. 

Should leaded gas become unavail- 
able, there are alternatives. Dr. Wayne 
D. France Jr, assistant head of the 
fuels and lubricants department at 
GM Research Labs, gives this advice 
for GM's pre-1971 model cars and 
trucks: “We dont anticipate a prob- 
lem running with the available leaded 
gas, when these vehicles are not op- 
erated at high speed or under heavy- 
load continuous-operation conditions, 
such as pulling a trailer on the high- 
way for long periods of time. But if 
vehicles are being used under these 
conditions, there are now a number 
of aftermarket products that owners 
can consider using." 

A perusal of the shelves of automo- 
tive-supply stores will reveal a host 
of such products. One company (see 
Canned Lead sidebar) is even market- 
ing a dilute solution of tetraethyl lead 
in cans for addition to the gas tank 
at fill-up time. 

The majority of the lead-replace- 
ment products (several are shown in 
the lead photo of this article) contain 
a sodium-formula called PowerShield, 
which is produced by Lubrizol Corp. in 
Wickliffe, Ohio. This specialty chem- 
ical company is little known to con- 
sumers, but plays a major role in sup- 
plying additives used in petroleum 
products [“Bad Gas,” March '86]. Re- 
cently, I was shepherded through Lub- 
rizol’s laboratories, where the perfor- 
mance of various fuels and lubricants 
is tested in banks of engines of all 
descriptions. 

“From an elemental standpoint, 
PowerShield contains mostly carbon, 
hydrogen, oxygen, nitrogen, and a lit- 
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tle bit of sulphur and sodium," says 
Thomas E. Johnston, Lubrizol's fuel- 
additives director. “Sodium is the only 
element that's not already in gasoline. 
Although the mechanism isn't entirely 
understood, the sodium seems to build 
up on the valve faces and lubricate 
them in a manner analogous to the 
way lead works." 

Lubrizol' additive, as well as an 
alkyl-phosphate surfactant called 
DMA-4 produced by E.I. du Pont de 
Nemours & Co. (Wilmington, Del.), 
was dynamometer-tested by the EPA 
in its farm-equipment study. Other 
lead substitutes are on the market 
but were not included in the study. 

The EPA report finds that the man- 
ufacturers' recommended amounts of 
both the Lubrizol and Du Pont addi- 
tives do reduce valve recession, but 


| don't come near offering the protec- 
| tion of lead. However, when Lubrizol's 


additive was tested at four times its 
originally recommended concentra- 
tion, valve recession was eliminated. 
The EPA concludes that further de- 
velopment of both additives is needed. 

Lubrizol and Du Pont are perform- 
ing follow-up testing of their addi- 
tives. In repeating the test sequence 
used by the EPA, Lubrizol found that 
PowerShield stopped valve recession 
when used at the recommended level. 
À company spokesman said test-to-test 
variation might account for the dif- 
ferent results. 


Newer engines affected 


Valve recession isn't just a problem 
affecting older engines; some recently 
built engines can get into trouble us- 
ing unleaded gas, too. Mercury Marine 
has recently introduced a valve-pro- 
tectant additive for its four-cycle en- 
gines. "All of our four-cycle products 
have some degree of vulnerability to 
valve recession when run hard with 
unleaded fuel, even today's engines," 
says Robert T. Johnson, the company's 
director of systems engineering. "If 
you go back to 1973 engines and prior, 
the problem is worse. When you run 
a boat constantly at 3,000 to 3,500 
rpm or more to get offshore for fish- 
ing, that's pretty hard work. It equals 
going up a hill at seventy or eighty 
miles per hour in a car.” 

Motor homes can also have prob- 
lems. The Chevrolet Motor Home 
Chassis Service guide states that 
"For all GM gasoline-fueled engines 
in trucks over 8,500 pounds gross ve- 
hicle weight starting in 1979, con- 
cerns exist about exhaust-valve dura- 


| bility when such engines are operated 


on gasoline without lead. GM recom- 
mends that they continue to be fueled 


| with leaded gasoline as long as such 


gasoline is available." 


Spinning scopes | 


e 79] 


"These are not stunning sums of 
money," said Ángel, "compared with, 
say, various high-energy physics pro- 
jects such as the multi-billion-dollar 
Superconducting Super Collider. Some 
of the motivation for the SSC is to ex- 
plore the origins of the universe. Of 
course, that's exactly what we're look- 
ing for with big telescopes." 

Some 2,300 miles away from Tuc- 
son, at Quebec City's Université Laval, 
Ermanno Е Borra is also devising in- 
struments to probe the origins of the 
universe, but he's doing it on a con- 
siderably smaller scale: He is assisted 
by a couple of graduate students, and 
he deals in thousands of dollars, not 
millions. His concept for building large 
telescope mirrors at low cost focuses 
on spinning liquid mercury— and 
keeping it spinning—so that it forms 
a paraboloid. 

Careful readers will observe that 
there is, at first glance, something 
woefully wrong with this idea: There 
is no way to tilt such a mirror. It 
must therefore always point straight 
up, at the zenith, and is incapable of 
tracking the stars in their courses. 
"All you'd get that way is a bunch of 
streaks, not very useful," Borra told 
me when I visited him at Laval, where 
he is professor of physics and director 
of the astrophysics laboratory. What's 
the catch? 

Borra explained with gusto, in En- 
glish that was fluent but heavily 
accented, a tribute to his polyglot 
background. (He was born in Italy, 
spent part of his childhood in the Bel- 
gian Congo, and received graduate 
degrees from Italian and Canadian 
universities.) He also has the build 
of a middleweight boxer and a cheer- 
ful forcefulness to match, both vola- 
tile and, er, mercurial. 


CTI to the rescue 


For some years, he had been inter- 
ested in cosmology and in the large- 
scale structure of the universe, and 
like many of his colleagues had be- 
moaned the shortage of available time 
on large telescopes, which are neces- 
sary to study faint objects. 

“Then in 1981 I saw something re- 
ally remarkable at the Steward Ob- 
servatory, where I was on sabbatical,” 
Borra said. It was a telescope called 
the CTI, which stands for CCD Tran- 
sit Instrument. “It is fixed pointing 
straight up and has no moving parts, 
so it is very, very cheap. The brilliant 
part was that it used a CCD to track 
the stars for a minute or so as Earth 
turns, so you get real stellar images, 
not just star trails.” 

A CCD records data as a series of 
changing electric charges created as 
photons strike a linear array of light- 


[Continued from 


sensitive elements. If these elements 
are read out at the same rate as a star 
moves across the CCD, you get a nor- 
mal image. By the kind of coincidence 
science is famous for, the CTI had been 
designed in part by Roger Angel. 

“When I saw the CTI,” Borra said, 
“everything clicked. I was aware that 
in principle it was possible to build a 
very large telescope if you take a vat 
of mercury and spin it. But without 
the CCD, there had been no point.” 

In fact, Borra soon learned from a 
search of the literature that attempts 
at spinning-mercury telescopes had 
been made as early as 1850 in Eu- 
rope. The most successful experiments 
were performed by Robert W. Wood, a 
professor of physics at Johns Hopkins 
University, around 1909. Wood built 
a 20-inch mirror and managed to get 
star trails. But he abandoned the work 
because he couldn't get rid of ripples 
and other irregularities in the liquid 
surface caused by a bumpy drive sys- 
tem, imperfect leveling, and poor me- 
chanical isolation. Wood wrote that his 
mirror was disturbed by “a horse and 
carriage approaching or the footsteps 
of a person running fifty yards from 
the telescope house.” 

How fast would a big mercury mir- 
ror have to rotate? “If it was so fast 
that the rim would turn at the speed 
of sound, for example, I would have 
serious problems,” Borra said. “But 
the numbers are very reasonable. For 
an f/1 thirty-meter mirror—that’s enor- 
mous, ninety-eight feet—the rim needs 
to rotate at about twenty kilometers 
per hour. So a fast runner could keep 
pace with it. With such a mirror, thanks 
to CCD detectors and computers, we 
could build up hours of integrated ob- 
servations of anything that crosses the 
zenith: stars, galaxies, nebulas." 

Borra began work on his concept in 
1982, first making and testing a one- 
meter (3.3-foot) mirror. He had to 
prove that Wood's problems could be 
overcome, that it was possible to gen- 


erate and maintain an optical-quality | 


surface on a spinning liquid. When he 
had computed how accurate the speed 
of rotation had to be to keep the focus 
stable, he found it was a part in a mil- 
lion. "Engineers told me I was crazy, 
that it couldn't be done," Borra said. 
But Borra relied on three "tricks" 
to do the job: a synchronous motor, 
which is precisely regulated by the fre- 
quency of the input signal; a non-rigid 
drive train, in this case a loose belt 
that absorbs any jerks; and a turnta- 
ble with large inertia rotating on a 
bearing with a low coefficient of fric- 
tion. Most of the mass of the table is 
the mercury; it rides on an air bearing. 
"The cost of the structure depends 
Continued 
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tions, fishing trips 
... CASH for the things you've 
always wanted! 


And you'll be able to set your own 
hours and not have to worry about 
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Spinning scopes 


Continued 


on weight,” said Borra, “so we want 
to keep the layer of mercury as thin 
as possible. That means we want a 
container that already has the rough 
shape of a paraboloid, not a flat sur- 
face. We get that by starting out with 
a flat dish, then pour in liquid poly- 
ester and spin it until it hardens. So 
were using spin casting too. 

“Right now our minimum thickness 
is between three and four millimeters 
of mercury. If we can get it down to 
one millimeter, the cost will be ridic- 
ulously small, only ten or fifteen thou- 
sand dollars for a six-meter mirror.” 

During my visit, Borra and his grad- 
uate assistant, Robert Content, were 
testing a 60-inch, or 1.5-meter, f/2 mir- 
ror in a room that had once housed 
an accelerator. The air was pungent 
with the aroma of the polyester resin 
used to make the mirror shell. The 
motionless pool of mercury was cov- 
ered with a transparent Mylar plas- 
tic sheet to shield the surface from 
drafts. (Very thin and uniform, the 
Mylar plastic film does not affect the 
image quality.) The two men’s images 
were reflected normally, as they would 
be from an ordinary glass mirror. 

Then Content punched the button 
to turn on the motor. As the table 
slowly got up to speed, one turn every 
four to five seconds, I could see the 
reflections changing until they ap- 
peared like the images in fun-house 
mirrors—the mercury surface was 
curving into its parabolic shape. 

"A sixty-inch glass mirror would 
cost half a million dollars,” Borra said 
as he waved at the spinning, shining 
surface. “This one cost only $15,000. 
And this is only a prototype. Once we 
get it properly engineered, I could give 
you a four-meter [13-foot] mirror for 
the same cost." 

The next step is to install a 60-inch 
mirror in a testing tower outdoors, 
similar to an earlier one that housed 


| a 40-inch. Borra's funding comes in 


part from the university and in part 
from the Natural Sciences and Engi- 
neering Research Council of Canada. 

"I'm planning to apply for a grant 
of 300,000 Canadian dollars to build 
a three-meter [120-inch] telescope 
housed in a simple enclosure, a com- 
mercial grain silo that would cost 
about $5,000," Borra told me. “We 
don't need a dome with a complex mo- 
tion. It would be about one-hundred 
times cheaper than a conventional 
glass-mirror telescope of the same size, 
which would run to twenty to forty 
million dollars. 

"Im trying to push an old technol- 
ogy to its limits. Because this ap- 
proach is so very simple, cheap, and 


| yet powerful, I believe it can be truly 


revolutionary.” 


Power prop 
[Continued from page 81 | 


One hair-raising episode that oc- 
curred during testing showed us how 
vital the twisted-prop-and-vane com- 
bination could be in real-world condi- 
tions. One day in Norfolk Harbor, our 
test boat was suddenly enveloped by 
a blanket of cold, wet sea fog. The 
crew shut down the boat's noisy power 
plants so we could hear the engines 
and fog horns of other boats on the 
busy waterway. 

Suddenly, out of the fog, a large 
dark-hulled freighter appeared, head- 
ing right for the patrol craft. Shouts 
of warning went out. Curt Shields 
started the engines, giving them full 
power. The vanes hadn't been tested 
at maximum acceleration before—if 
they broke they would foul the spin- 
ning propellers. 

The boat accelerated briskly, and 
the extra speed that the vanes and 
twisted props gave it allowed the 
craft to clear away from the looming 
freighter as it skimmed by and disap- 
peared again into the fog. The vanes 
and twisted prop had saved the test 
boat and its crew from a devastating 
collision. 


Commercial applications 


The next step is to conduct smoke- 
tunnel and water-tank research aimed 
at further improving the efficiency of 
the propellers and vanes. Our hope is 
to eventually reduce fuel consumption 
by 20 percent, and to increase top 
speed by 15 percent. It may be possi- 
ble to achieve these gains by using 
only one or two optimally shaped 
vanes, which would reduce drag even 
more. 

The vane and propeller require- 
ments for each class of boat are unique 
and will require consideration of the 
particular hull design. As we havent 
been able to simply crank the design 
out of a computer or follow a set of 
existing formulas, we expect to have 
to do some on-scene “tweaking” of 
each new application. Perhaps some 
doctoral candidates will clinch their 
degrees by writing the equations 
that explain how the system actually 
works. 

The propulsion technology developed 
for our patrol boats has already ad- 
vanced enough to be adapted to new 
or existing recreational boats. So far, 
motor-yacht builders, outboard-motor 
manufacturers, and a maker of pro- 
pellers have inquired about licensing 
the designs. It may not be long before 
you'll be able to buy a shark-fin- 
equipped boat that will go faster on 
less fuel and wear virtually the same 
price tag as a conventional craft. 
Swirl-vane and twisted-prop retrofit 
kits for existing boats are another ex- 
citing possibility. Gs] 
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newest entry in this market seems like | 


the last person in a phone-booth-pack- 
ing contest. 

For that reason the new C-cars, 
Chrysler New Yorker and Dodge Dy- 
nasty, take a conservative approach, 
and are aimed in part at those buyers 
turned off by exotic styling at GM and 
Ford. 

The result is a solid sedan whose 
primary virtue is the extremely 
smooth three-liter 60-degree V6. (The 
same basic engine is used in the Plym- 
outh Grand Voyager in this month’s 
car test.) Although billed as a six- 


| passenger car, the new C-bodies have 
stretched Chrysler’s standard front- | 
drive platform a scant three inches | 
| in wheelbase to 104.3 inches. The 


C-cars also feature four-wheel disc 
brakes with an anti-lock option that 
works well even during moderate 
braking demands. 

One hidden element in the new 
C-car body is the most sophisticated 
multiplexing system seen so far on a 
production car. The system links most 
of the basic chassis computers on a 
single wire that allows them to ex- 
change information, saving thousands 
of feet of chassis wiring. 

Chrysler also is quietly altering 
its turbocharging strategy. Non-inter- 
cooled turbos are now supplied by 
Mitsubishi; these smaller units offer 
quicker response. 

Lastly, the Renault Premier comes 
as one of the more pleasant surprises 
in years from a company that has con- 
centrated on basic economy cars. It’s 
not exactly a Chrysler, but then again, 


it’s not completely an AMC product | 


either. Since the companies are in the 
midst of a merger-acquisition, the 


from Chrysler engineers as from its 
originators. 

Engine options are either a 2.5-liter 
four-cylinder, deemed marginal for 
anything but flat-level commuting, or 
a three-liter V6. The Premier scores 
at least one important technical first, 
beating both GM and Chrysler to mar- 
ket with an electronically controlled 
transmission. Electronic elements not 
only control shift points, they store po- 
tential problems in memory for future 
diagnoses. The suspension features a 
rear torsion bar, but the road noise 
problems often found in torsion-bar 
setups have been solved. 

While all this new mid-size hard- 
ware coming from Detroit may seem 
to have crowded the table, marketing 
experts point out that nothing prompts 
a new-car purchase like a change in 
family status. The baby boomers are 
having babies, and this year there are 
plenty of new back seats waiting for 
them. 
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Bullet bikes 
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swing arm is sprung and damped by 
a single adjustable shock absorber. By 
cramming all that horsepower into a 
package that weighs about 580 pounds, 
including gasoline, Honda has created 
a bargain device capable of humiliat- 
ing Porches and evaporating Cor- 
vettes. Indeed, several independent 
testers have clocked Hurricanes 
streaking by at around 160 mph, with 
0-to-60-mph times well under three 


| seconds. 


The Ducati Paso is a different sort 
of machine, aimed at the admirer of 
Italian design and road manners. Only 
700 of these very red $6,377 bikes will 
be imported this year. The Paso is 
built around an air-cooled 750-cc V- 
twin engine fitted with a Ferrari-style 
Weber carburetor. Dual oil coolers are 
positioned to intercept the flow of air 
through ducts at the front of the fiber- 
glass fairing. Gracefully contoured 
"ears" house both rear-view mirrors 
and front turn signals. 

The 75-horsepower engine sports a 
feature unique to Ducatis: desmo- 
dromic valve actuation. Also used in 
Mercedes-Benz racing cars of the early 
1950s, the system uses two pairs of 
overhead-cam-driven rockers—one set 
to open the valves and another to close 
them. This overcame valve-closing 
problems at high rpm caused by the 
inadequate valve-spring materials of 
that era. The "desmo" setup worked 
well, and Ducati has chosen to stick 
with a proven design. 

Weighing in at 495 pounds fueled- 
up, the Paso rides on a Swedish-built 
Ohlins shock absorber at the rear. The 
Marzocchi telescopic front fork is un- 
usual in that compression damping is 


| controlled by the left leg, while re- 


bound damping occurs in the right. 
The red roadster from Italy has been 


| clocked accelerating through the quar- 


ter mile at 105 mph. 

Do bullet bikes represent progress? 
They certainly turn heads. But I cant 
overcome a nagging suspicion that per- 
haps they signal the evolution of the 
motorcycle into a fashion accessory, al- 
beit a brilliantly functional one. After 
all, those complex, compact, and out- 
rageous engines were what got me in- 
terested in motorcycles in the first 
place. And now you cant see them. 
But maybe the jury should remain out 
on this one for a while. A case in point: 
When industrial designer Raymond 
Loewy created the S-I Broadway 
Limited in 1937 by putting a stream- 
lined fairing on a steam locomotive, 
he covered up a magnificent piece of 
machinery—and sculpted a rolling 
masterpiece. 


American Honda Motor Co., 100 W. Alondra Blvd., Gardena 


CA 90247 
Cagiva North America, 700 W. 190th St., Gardena CA 90248 
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Stealthy robot planes 
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pounds. Its skin and internal struc- 
ture are of composites—strong, light, 
difficult to spot with radar. Only seven 
feet long with a wingspan of 13 feet, 
Aquila is also hard to spot with the 
human eye. Its 24-horsepower engine 
and pusher prop drives it to 93 mph 
and can keep it aloft for three hours. 

But there's more to an Aquila—and 
to every other КРУ —than the flying 
part; there's the ground-support team. 
"Aquila is assigned to the artillery, not 
to aviation or intelligence," Nettles 
says. "That means that the entire sys- 
tem has to be mobile, able to travel 
through mud and snow.” 

Aquila's ground equipment is typi- 
cal for RPVs. One truck carries the 
control station, another a mobile 
maintenance shop. Two more are 
needed for the hydraulically powered 
launch rail and the recovery net. A 
data-link station with an erectable 
antenna is hauled to the field on a 
trailer. Several Aquilas, wings re- 
moved, travel on a fifth truck. 

The system received its harshest 
trials during tests earlier this year 
at Fort Hood. The Army fielded more 
than 5,000 men in 14 exercises, pit- 
ting Aquila-equipped "friendly" troops 
against an "aggressor" force. 
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I watched films of the exercise and 
saw Aquilas slung into the air from 
their launcher rails, scooting over 
rugged terrain. In one test, looking 
though Aquila's data-linked video eye, 
I saw "enemy" tanks rolling down a 
trail. Their motion was jerky, an arti- 
fact of the secure data link, but clear 
enough. As the payload operator tog- 
gled his joy stick to center the cross 
hairs on the lead tank's turret, the 
commander called for Copperheads. 

Within moments, the tank was 
bathed with laser light beamed from 
a distant Aquila. Then I saw a dark 
blur dropping from the sky. It was a 
Copperhead round, fired even as the 
Aquila operators were adjusting their 
controls. The artillery shell, with its 
laser-seeking sensor, homed in on the 
tank and exploded in a ball of fire and 
smoke. Target killed. 


Success story? 


During the exercises, artillerymen 
fired 20 Copperheads at Aquila-des- 
ignated targets, scoring 14 hits. Most 
misses were caused by faulty shells. 
In a total of 143 sorties, Aquila spot- 
ted the "enemy" headquarters camp, 
skillfully camouflaged among trees 
and ravines, and provided accurate in- 
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formation on troop movements and 
supply dumps. 

But despite the successes, the tests 
also pointed out some difficulties. “The 
Army never had an RPV before," 
Dannenberg says. “Some of the tac- 
tics on how and when to use it have 
not been well developed.” 

"We can't say the whole system 
passed the test," an Army spokesman 
tells me. *Physically, it performed well. 
But we found problems concerning the 
ability of the soldier to detect and rec- 
ognize targets." Some of the problem 
related to the jerky video image, 
which can make targets harder to 
spot. That can be fixed with software 
changes. More important, soldiers will 
need more training than expected to 
recognize what they're seeing. 

The Army hopes to solve those prob- 
lems in coming months, then make its 
decision on large-scale Aquila deploy- 
ment in 1988. "This 1s a capability the 
Army badly needs," the spokesman 
notes. In the interim, Lockheed hopes 
to interest foreign countries in pur- 
chasing a simplified version of Aquila 
called Altair. 

Meanwhile, the U.S. Navy is mov- 
ing at flank speed on RPVs, with a 
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stealthy robot planes continued 


Mazlat Pioneer system already de- 
ployed aboard the battleship USS 
Iowa, three more assigned to the Ma- 
rines, and a fifth sent to the Pacific 
Missile Test Center at Point Mugu, 
Calif. A $22-million system consists 
of eight Pioneers along with their 
ground equipment. 

Pioneer can use a rocket bottle to 
get airborne from a launch rail or take 


J | off from the ground like a conventional 


airplane. It cruises at 92 mph, and can 
stay in the air more than eight hours, 
guided actively by stay-behind pilots 
or by following a programmed flight 
path. Its video camera can relay im- 
ages from up to 115 miles away. At 
sea, it's recovered much like Aquila, 
by flying into a net. 

But guiding Pioneer into a net on a 
moving battleship proved tricky ear- 
lier this year. The Jowa was stationed 
off Central America when it lost four 
Pioneers in barely a month. Three 


| crashed during recovery, and a fourth 


lost engine power over the sea. 
Computer-controlled landings 


The recovery crashes were traced to 
problems in remote visual control dur- 
ing the final seconds of flight. "It's not 
easy to put Pioneer into a net on a 
battleship," a Navy spokesman says. 
“You have to fly it alongside and make 
a turn to reach the net." 

The solution is a semi-automatic 
landing system. A television camera 
was mounted in the rear of the recov- 
ery net. The pilot now uses a joy stick 
to center cross hairs on the approach- 
ing Pioneer's screen image. À com- 
puter then takes over and issues com- 
mands that bring the RPV onto the 
correct glide path. "Pioneer is no 
longer a simple system," Ellis notes 
somewhat ruefully. 

By mid-July, Pioneer was again op- 
erational on the Jowa, flying three 
missions in six days without mishap, 
the Navy spokesman reports. 

Pioneer can do more than surveil- 
lance, however. Its video eye is also 
valuable to the Jowa’s gunners. In live- 
fire exercises, Pioneer has called down 
16-inch shells on targets with great 
accuracy. "It enhanced the Jowa’s abil- 


| ity to see and correct its own rounds," 


the spokesman explains, in typically 
understated Navy-speak. 

Pioneer is only the first RPV to 
enter the Navy's inventory. The serv- 
ice had expected to award contracts 
in August for a high-speed medium- 


| range Navy/Air Force RPV that could 


return target images from 400 miles 
away, and is working with the Army 
on a long-endurance RPV that could 
be operational in 1990. 

The Army is now struggling to se- 
lect a contractor for an Intelligence 


Electronic-Warfare RPV. It went back 
to the drawing board after an incon- 
clusive April fly-off between Pacific 
Aerosystem's Heron-26; California Mi- 
crowave's CM-30, a modification of a 
standard Rutan Long-EZ; and a Lear- 
Siegler Developmental Sciences Div. 
SkyEye (see photos). 


Flying washtub 


Another RPV, the airborne remotely 
operated device (AROD) is under in- 
ternal development by the U.S. Ma- 
rine Corps. AROD, which could be 
mistaken for an old-fashioned wash- 
tub with a wire attached to the side, 
is a short-range machine intended to 
let Marines look over the next hill. It 
made its first test flights in New Mex- 
ico last December. AROD's gasoline- 
powered ducted fan engine thrusts 
downward, giving it helicopter-like 
flight characteristics. The Marines 
plan to fly an AROD this fall, trail- 
ing a long fiber-optic cable for both 
downlink video signals from its small 
camera and uplink command and con- 
trol signals. By using fiber optics, 
AROD eliminates any chance that its 
presence would be betrayed by its 
radio signals or that they could be 
jammed. A similar device named Aero- 
bot is being developed by Moller In- 
ternational Inc. (Davis, Calif.) and 
Hughes Aircraft Co., in Culver City, 
Calif. 

Another innovative RPV design is 
the Pointer, a tilt-rotor aircraft pat- 
terned after the V-22 Osprey [“X-Wing 
and Tilt-Rotor" July]. Developed by 
Bell Helicopter Textron in Fort Worth, 
Texas, and Boeing Vertol Co. in Phil- 
adelphia, the Pointer will take off and 
land like a helicopter and fly like a 
fixed-wing plane. 

Though current RPV configurations 
hold much promise, says Steve Shaker, 
an expert in flying robots for BDM 
Corp. in McLean, Va., their greater 
value may lie in using them as weap- 
ons themselves. 

That's the direction Boeing is tak- 
ing with its expendable RPVs, the low- 
and-slow Brave 200 and high-speed 
cruise missile-like Brave 3000. On sur- 
veillance missions, the RPVs return 
to friendly territory and crash. But 
they can also be equipped with war- 
heads and guided into targets. 

"The purpose of all these systems 
is to kill the enemy," Shaker says. 
"Surveillance is important, so is tar- 
get designation. But the real value of 
an RPV may be as a weapons plat- 
form, either delivering ordinance it- 
self or making it expendable so that 
it homes in on a target and explodes." 

Sky-spy or robot weapon, the age of 
the RPV is here. It looks like Al Ellis 
has proved his point. 
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What’s New 


PRODUCTS/TECHNOLOGY 


c 
Composite craft 


Boeing Vertol Co.'s twin-tur- 
bine model 360, lifting off for 
the first time, is the largest 
all-composite helicopter to 
fly. Its fuselage is made of 
graphite, Kevlar aramid fi- 
ber, and Nomex nylon hon- 
eycomb. The rotor blades 
and hubs are made of fiber- 
glass and graphite. 


- 
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BY DAWN STOVER 


(Eye to eye 


See visitors clearly while a 
mirrored lens prevents them 
from seeing you. Polarizing 
lenses inside the $20 Private 
Eye peephole adjust for max- 
imum viewing or privacy and 
give a clearer view than fish- 
eye models do, says Rejan 
(7795 S.W. Cirrus Dr., Bea- 
verton, Ore. 97005). 
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Hot battery 


Made by Eveready Battery 
Co., this power cell may be 
used to operate sensors in oil 
wells or automotive engines. 
The hermetically sealed 2.4- 
volt battery contains an inor- 
ganic solid electrolyte rather 
than a liquid electrolyte, so it 
can withstand temperatures 
up to 200° C. 


see 
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Trailer transport 

Moto Jockey moves an un- 
hitched trailer around a 
campsite or boat-launch 
ramp. A small two-stroke 
engine drives two wheels 
steered by a fist-grip control. 
Walking speed is 3 mph with 
a 2.5-ton loaded trailer. An- 
gelo Sacco, 21 Rue Garde 
Dieu, 4900 Liege, Belgium. 


QUphill skiing 


Trying a new sport dubbed 
UpSki, a group of skiers 
and mountaineers harnessed 
themselves to parachute-like 
sails and scaled Alaska’s 
Mount Wrangell. The sails, 
made of Ripstop nylon treat- 
ed with Du Pont’s water- 
repellent Zepel, are control- 
lable in winds up to 50 mph. 
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Sky scope 


Set the lens adapters for any 
latitude between 30° and 
60° North, and you can 
view an image of the night sky 
through the kaleidoscope- 
like Cosmic Stargazer. Its mi- 
crofiche star map has labels 
for 35 stars and 60 constel- 
lations. Sarut, 50 W. 34 St., 
New York, N.Y. 10001; $25. 


Aero roadster 


The front-drive Peugeot 405, 
introduced in France this 
year, will join the larger Peu- 
geot 505 in the U.S. in 1988. 
The 405 Mi 16 has anti-lock 
disc brakes, a Pininfarina- 
designed body with a drag 
coefficient of 0.30, a 16-valve 
four-cylinder engine, and a 
140-mph top speed. 


Space appliance 


This Whirlpool Corp. proto- 
type dishwasher is designed 
for zero-gravity conditions 
aboard the first U.S. space 
station. Tub and tray racks 
rotate around stationary 
spray arms, so centrifugal 
force throws soiled water to 
the outside of the tub where 
it’s picked up by a pump. 


WT 
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Giant antenna 


Lockheed-Georgia Co.’s large 
airborne phased-array radar 
antenna, shown in an artist’s 
drawing, is expected to im- 
prove detection of bombers 
and cruise missiles. A 45-ft.- 
long, 6-ft.-high antenna has 
been attached to the fuse- 
lage of a research aircraft 
for tests this fall. 


(Touring sedan 


Pontiac’s 1988 lineup includes 
the Bonneville SSE, equipped 
with Pontiac’s 3800 sequen- 
tial fuel-injection V6 engine 
and a four-speed overdrive 
automatic transaxle. Anti- 
lock brakes complement the 
“Road Car” suspension pack- 
age, designed for more pre- 
cise handling. 
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Lawn and Garden 


12-volt chain saw 

Dubbed the world’s first 12-V 
battery-powered chain saw, 
the Minibrute was made for 
field use. Hook its 20-ft. 
power leads to any 12-V bat- 
tery—on a tractor, truck, 
RV—and you’re ready to 
cut firewood. Wiman Enter- 
prises, 2049 I Rd., Fruita, 
Colo. 81521. Price: $169 (ppd.). 
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New Coiled safety cord 0 


Is your snake of a power 
cord always in the way? This 
cord's belt clip and 15-in. 
coiled section keep the elec- 
tric cable out of your way 
for safety. An 80-ft. 16/2 
SJEW-A cord: $31; 40-ft.: $19; 
15-in. extension: $8.50. Royal 
Electric, 95 Grand Ave., Paw- 
tucket, R.I. 02862. 


<> 

Leaf processor 

With its wide mouth and 
large-capacity housing, Leaf 
Eeter can munch mounds of 
autumn leaves, wet or dry. 
Leaves are shredded by a 
nylon cutter line for mulch or 
composting, or they can be 
fed into trash bins. Vornado 
Power Products, 2 Main St., 
Melrose, Mass. 02176; $130. 


Push-start trimmer 0| 


Turn a switch; push a button. 
That's all there is to firing 
up the Auto-Start 7000 gas- 
powered string trimmer. The 
13-Ib. unit has a battery and 
charger, 1.1-hp engine, solid 
drive shaft, and 9-in. blade. 
Tanaka Kogyo Co., 22121 
Crystal Creek Blvd. SE, Bo- 
thell, Wash. 98021; $340. 
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QQuiet blower 


With a noise level of 72 
dBA at 50 ft., the $380 
PB-4500 backpack blower 
is quieter than others in 
its class, which average 
176 dBA. Its 43.9-cc engine 
blows 388 cu. ft./min. of 
air at 188 mph. Echo, 
400 Oakwood Rd., Lake 
Zurich, Ill. 60047. 
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“Travel insurance” 


Radio Shack's Got What You Need for Driving Enjoyment , 
` You'll Never Drive Alone With Our Mobile CB Radio 


| m Built-in Automatic Noise Limiter 
 mCeramic Filters Sharpen Reception 


The Realistic? TRC-415 CB is the smart 
travel companion. Quartz-locked circuitry 
keeps all 40 channels precisely on- 
frequency for clearest reception. Hystere- 
sis squelch cuts weak-signal chopping 
and fading. There's also a big LED chan- 
nel display and 4-step signal/RF power 
meter. You can even add an external 
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Easily Fits speaker and use the TRC-415 as a mobile 
Under Dash PA system. With underdash mounting 
Or Seat hardware and instructions. #21-1509 
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The Micronta Road Patrol XK® is a palm-sized per- 
formance giant! Dual-superhet design and GaAs 
Schottky-barrier front-end provide incredible sensi- 
tivity. Exclusive FAST™ signal processor greatly 


With Carrying Case, Two reduces false alarms. Separate X and K band warn- 
iig ко е eas ing LEDs and tones pulse faster (or slower) to indi- 
Mounting Hardware cate relative distance to radar. Panel lights 


auto-adjust to day or night brightness. Easy to 
transfer from car to car. #22-1617 


"Silent" Auto Alarm Accessories for Your Auto Alarm | 
With Recelver en ess 
(2) 
a ЕА. mrs s commu es 
EES وو دا‎ 
| > (3) =i | 
(1) 2-Sound Siren. Loud! 12VDC. #49-488 ........... 18.95 
(2) Short Pin Switches. 749-508 ........... Pkg. of 2/2.99 
a ee (3) Long Pin Switches. #49-509 ........... Pkg. of 2/2.89 
; — | (4) Window Decals. Easy to see. 449-507 .... Pkg. of 4/1.19 
QUAM NH acu n | Send for Your FREE 1988 Catalog | 
a Doubles as a Pager i| Mail to Radio Shack, Department 88-A-121 | 
| 300 One Tandy Center, Fort Worth, TX 76102 | 
Mobile Alert™ vehicle security system warns you—but [ aue | 
not the intruder—of tampering. Alarm signals pocket | | 
receiver up to two miles away. With mounting hardware. STREET | 
| Receiver requires 9V battery. 49-791 civ STATE zip | 
Radar detectors not sold where prohibited. Use may be regulated by state or local law. Sale and use of sirens n e fha к 
for mobile use is prohibited in California and certain other states; check local regulations. Prices apply at Є yt ae 


participating Radio Shack stores and dealers. A DIVISION OF TANDY CORPORATION 


n Tools 


BY V. ELAINE GILMORE 
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Heads have it 


With the new line of Crafts- 
man band saws from Sears, 
to make a bevel cut you tilt 
the head instead of the table 
(which stays firm and flat). 
On the model shown, a digi- 
tal readout displays bevel 
angle and blade speed and 
tension. The 12-in. saw ($399) 
will be in stores after Jan. 1 
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(Blower vac 


A vacuum-cleaner attach- 
ment that blows and sucks 
can dust delicate items—or 
clean out the crevices of 
tools. The outward blast dis- 
lodges dust, which is then 
drawn in through the sur- 
rounding duct. Karlheinz 
Meidel, Fallenberg Str. 18, 
8721 Michelau, W. Germany. 


| QChip stopper 


If you outfit your router, 
sander, or drill with this 
tough plastic shield, you'll 
stop chips from flying and 
keep your work space 
cleaner. À shop vacuum at- 
taches to a port in the shield. 
Lifeline Instruments, 1713-B 
Junction Ave., San Jose, 
Calif. 95112. $25—$35. 


| Nice vises 


Here are two variations on 
the Vise-Grip locking-pliers 
theme: a bar clamp (top) and 
pipe clamp. The bar clamp 
comes in 10- and 18-in. 
lengths ($25 and $27, respec- 
tively); the pipe clamp ($20) 
holds diameters up to 3' in. 
Petersen Mfg. Co., Box 337, 
DeWitt, Neb. 68341. 
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All the angles 

Two bubble glasses indicate 
level and plumb, and an ad- 
justable protractor lets you 
find any angle with this 8-in.- 
long pocket level. A mag- 
netic strip on the plastic tool 
allows it to cling to metal. 
It's $17.50 (ppd.) from Ad- 
vanced Tool Co., Box 1971, 
San Jose, Calif. 95109. 


ELECTRIC MOBILITY: 


INTRODUCING 
THE 1987 KasenaL«tf) 


If yourlooking for more mobility for 
any reason, the NEW 1987 Rascal 
Electric 3-wheeler will put Indepen- 
dence into your everyday life. 


Go to the supermarket, across the 
park, to the doctors office, or around 
your garden. End the frustration of de- 
pending on your family and friends. 


The Rascal for 1987 has an all new 
rear spring suspension system, easy 
one-hand controls, and a rear direct 
drive transaxle, making it the tops in 
state-of-the-art technology. 


MEDICARE APPROVED 


This very affordable 3-wheeler 
meets Medicare and Major Medical 
insurance reimbursement require- 
ments when prescribed by a doctor, 
as well as being V.A. approved. 


See for yourself how much fun you 
can have with the all new RASCAL. 
Call or send the coupon for FREE 
information or to arrange a FREE No- 
Obligation Home Demonstration. 
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30 DAY TRIAL 
Call toll-free 
1-800-662-4548 

or send coupon 
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What’s New 


BY JACK KEEBLER 


4A 
Remote oil filter 


Available in 8- and 20-gpm 
sizes, this stainless-steel- 
screen oil filter features re- 
mote mounting, three-micron 
filtration, and a dash light to 
tell the driver when to clean 
it. Oberg Enterprises, Inc., 
12414 Hwy. 99 5., Bay 80, Ev- 
erett, Wash. 98204. Prices 
from $70 to $90. 


— 
Panel cutter 


Auto Arc APC 3025 is a dual- 
range, single-phase plasma 
cutting system for light sheet 
alloy, mild steel, or stainless 
up to 2.7 mm thick. The plas- 
ma arc's intense heat cuts 
the metal fast without distor- 
tion, says Miller Electric 
Mfg. Co. (Box 1079, Apple- 
ton, Wis. 54912). $1,330. 
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The Load Ranger Plus load- 
ing deck telescopes out of a 
pickup or van for easy ac- 
cess to the entire load (up to 
1,500 Ibs.). Made of welded 
steel, the deck also incorpo- 
rates a folding ramp. A.C.T. 
Inc., Box 469, 7780 Hwy. 55, 
Rockford, Minn. 55373. The 
deck costs $500—$900. 


Knuckle savers 


Many oil filters are located 
in what seem to be inaccess- 
ible spots. But these close- 
clearance, coated-steel filter 
sockets ($5.55—-$8.65) and а 
low-profile wrench ($8.75) 
make quick work of tough- 
to-reach filters. Vector En- 
terprises, 30675 Solon Rd., 
Cleveland, Ohio 44139. 


<> 

Engine-build lube 
The first minutes of engine 
operation after a rebuild, be- 
fore oil is pumped to the 
components, can be a power 
plant’s toughest. VHT En- 
gine-Prep assembly lube 
($3.55) makes it easy to spray 
on a protective coating. 
Sperex Corp., 16131 S. Maple 
Ave., Gardena, Calif. 90248. 


E x 
DIY alignment 


Misalignment can greatly 
accelerate tire wear and se- 
riously affect a vehicle's 
handling. Now home me- 
chanics can check alignment 
with this $90 system that 
uses bracket-mounted rifle 
scopes and targets. Hit Man 
Alignment, 185 Pleasant 


Way, Penfield, N.Y. 14526. 
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BY STEVEN ASHLEY 


Filtering blinds 


Optix Privacy Venetian 
blinds have transparent 
Lexan slats in five tints of 
bronze and gray. One side of 
the V-shaped slats darkens 
a room; the other side filters 
light like sunglasses. They 
are $11 to $14 per sq. ft. from 
Nanik, Box 1766, 1700 Stew- 
art Ave., Wausau, Wis. 54401. 


| —+ FILTERED 
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Indoor heat pump 


Most heat pumps need room 
inside the house for the air- 
handling unit, and space in 
the yard for the compressor 
and coils. The $1,800 Insider, 
from Martin Industries, Inc. 
(Box 128, Florence, Ala. 
35631), is a 34,000-Btu/h-ca- 
pacity heat pump that fits 
entirely inside the house. 


Humi-Reg is a forced-air- 
heat floor register that both 
humidifies and filters the air. 
A hidden water reservoir 
moistens a filter-wick, which 
conditions the airflow with- 
out restricting it. Humi-Reg 
costs about $12 from Pure 
Air Products Ltd., 17242 59A 
Ave., Surrey, B.C. V3S 585. 


No-fuss post holes 


PostSet instant post hole 
concrete fixes posts in the 
ground in minutes. There’s 
no mixing, no tools, no clean- 
up. Pour water into a hole, 
position the post, and add 
PostSet and some more wa- 
ter. Nomix Corp., 411 Stillson 
Rd., Fairfield, Conn. 06430. 
A 40-Ib. bag is $7. 


(Add-on storage 


Create extra kitchen storage 
space with the Undercabinet 
Storage System made by the 
Tucker Housewares subsid- 
iary of Kidde (345 Central St., 
Leominster, Mass. 01453). 
Almond or white plastic 
bins (from $10 to $20) can 
be mounted under almost 
any cabinet with brackets. 
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We are authorized liquidators of consumer 
products that must be quickly sold at 

Protect Your Vehicle...from harmful sun rays, tree sap, snow, [ia drastically reduced prices. Whatever the 

frost, dirt and more! Our special arrangement with a manufacturer Е reason for the liquidation, you are assured of 

means LOW liquidation prices on durable Auto and Motorcycle 

Covers. Order TODAY for daily or long-term, all-season protection. 


quality and satisfaction. 
e All-Season Covers Wrap Around Your Entire Vehicle. 
* Made of 70 Denier 10096 Nylon Taffeta for Maximum Protection. 
e Snug-Fitting Elastic Bands. Double Stitched, Hemmed Bottoms. 


Measurements: Bumper to bumper. Allow 10"-15" extra length 
for wrap-under bumpers, wagons, or pre- 1959 vehicles. 


X-LARGE Compare: $99.95 
193-210” Priced At. . $33 
Item H-2902-4514-055 S/H: $3.50 
JUMBO Compare: *109.95 
211"-235" priced At. . 36 
Нет H-2902-4514-014 S/H; $3.50 ltem H-2902-4514-030 S/H: $3.50 
LARGE Compare: 389.95 MOTOR- Compare: $39.95 


181-192” S ied At. . ЗО CYCLE’ priced at .. 19 
Item H-2902-4514-022 S/H: $3.50 ltem Н-2902-4514-048 S/H: $3.50 


SMALL Compare: 569.95 


(Y' 165" 
150"-165" priced at.. A5 
item H-2902-4514-006 S/H: $3.50 


MEDIUM Compare: *79.95 
166"-180" priced At . . 227 


*78" Motorcycle cover measured over the windshield. 


With 
Matching < 


We made arrangements with a manu- 


MEN’S AND LADIES’ WATCHES 
W/INTERNATIONAL FLAIR 


Famous Designer Lucien Piccard captured 

the essence of timely elegance with these 

Quartz Watches crafted by Dufonte. Due to 

an inventory adjustment you can buy at 

BIG liquidation savings! 

® Reliable Battery Powered Quartz 
Movement. 

e Convenient, Magnified Date Window. 

€ Distinctive, Adjustable Metal Link Band. 


One-Year Limited Factory Warranty. 


4,439995 $409 


Men's: Item H-2902-7013-360 S/H: $3.00 ea. 
Women's: Нет H-2902-7013-352 S/H: $3.00 ea. 


1 TOLL-FREE: 1-800-328-0609 
SEND ME THE ITEMS I HAVE LISTED BELOW 


Credit card customers can order by 
phone, 24 hours a day, 7 days a week. 


Sales outside the 48 contiguous states 
are subject to special conditions. Please 
call or write to inquire. 


Item No. 


TOTAL (Products plus ship, handling) ت ص ص ص ننن ن‎ 
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PORTHOLE CLOCK 


Our special arrangement with the manu- 
facturer brings this Nautical Timepiece to 
you ata remarkably LOW liquidation price! 


e Classic Natural Oak Case with Solid 
Brass Outer Rings. Glass Face. 

€ Actual Working Brass Porthole. 

® Reliable Battery Powered Quartz Move- 
ment. Uses Single "AA" Cell (Not Incl.). 

е Black Hour Markers. Red Second Hand. 

® Approximately 10" in Diameter. 


Compare At ........ $89.00 
Liquidation 


Priced At ......... $39 


Кет H-2902-7254-196 S/H: $4.50 ea. 


facturer to offer these Air Beds to you at BIG 
liquidation savings! 

e Sturdy PVC Vinyl. 5" Thick Inflated. 

e Washable Rayon Flocked Surface. 

€ ideal for Guests, Camping, Beach, Etc. 
TWIN SIZE: 

Mfr. List: 49.95 


Liquidation Price. ..... $ 19 


Нет H-2902-8245-003 S/H: $4.00 ea. 


FULL SIZE: Ф 
ме. List: 559.95 29 
Liquidation Price..... 


Item H-2902-8245-011 S/H: $5.00 ea. 
QUEEN SIZE: 


Mfr. List: 569.95 $39 
Liquidation Price..... 


Нет H-2902-8245-029 S/H: $6.00 ea. 
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Sign Here 


SOME Direct Marketing Corp. 

1405 Xenium Lane N/ Minneapolis, MN 55441-4494 

Send items indicated at left. (Minnesota residents add 6% sales tax. Sorry. no C.O.D.) 

Г] My check or money order is enclosed. (No delays in processing 
orders paid Eu слее) 
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Item H-2902 A 


What’s New 
in Electronics 
BY WILLIAM J. HAWKINS 


— 
Pool alert 


Mounted near your back- 
yard pool, the infrared sen- 
sor (right) detects unplanned 
guests (children during the 
day, thieves at night) and 
warns you via a broadcast 
to the receiver (left) inside 
your home. Optex (USA), 363 
Van Ness Way, Torrance, 
Calif. 90501; $199. 


Eum 
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Teacher's aid 

The ICON work station is 
designed for classroom use. 
The screen shows a teach- 
er’s space for assignments, 
a student's space for work. 
The multi-user system al- 
lows students to work inde- 
pendently. Each work station 
is $1,895. Unisys Corp., Box 
500, Blue Bell, Pa. 19423. 


CITIZEN s D-780 


fb билд. MERO CAL CUAL A TOM 


Camouflaged calc 


Made for a desk top, the Cit- 
izen SLD-780 dual-powered 
calculator ($12) looks like 
a remote-control unit. The 
eight-digit LCD portable has 
reciprocal and markup keys 
and a three-key memory. 
CBM America Corp., 2999 
Overland Ave., Los Angeles, 
Calif. 90064. 


(Smarter processor 


Just type. There are no 
menus, windows, files, or 
special procedures with the 
Cat word processor. But ac- 
cording to maker Canon, 
you can change, move, un- 
derline, or boldface text— 
then check for spelling er- 
rors—with just a few key- 
strokes. $1,495. 


Teletext to go 


The Intercepter teletext re- 
ceiver displays text and 
graphics on its LCD screen. 
Data come from signals that 
are “piggybacked” on Brit- 
ish TV broadcasts. It's from 
Telebeam International Ltd., 
Bridge House, 68 East St., 
Horsham, W. Sussex RH12 
IHX, England. 


(Pocket printer 


It fits in your hand, but 
Sharp's portable calculator 
contains a printer. The clever 
cale saves your work on 
l-in. plain paper or dis- 
plays it on its 10-digit LCD 
display. The unit contains a 
three-key memory and per- 
cent and discount keys. The 
EL-1600 is $35. 


Intercom and 
2-way Paging | 
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Building a 
better box 


I once worked as a stock boy, so I know 
how tedious it is to assemble corru- 
gated-cardboard boxes for packing, 
and disassemble them for disposal. 
That was before the Automatic Loc- 
Bottom, or ALB, box. Now, assembling 


Shock Absorbers. 
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You'll drive with more confidence! You'll find driving is more fun! 
Just choose the shock that's right for you: 
e KYB Gas-a-just — the high-pressure gas shocks for unsurpassed 
road control. or 
e KYB/GR-2 — the low-pressure gas shocks for riding comfort you can 
feel at a price you wont.. 


,even in a compact or mid-size car. 


ASK 
' FORTHE 
DEPENDABLES | 


KYB CORPORATION 
OF AMERICA 
901 Oak Creek Drive. 
Lombard. IL 60148. 


PIONEERS IN 
GAS SPE TECHNOLOG 


boxes is as easy as, well, disassem- 
bling them. 

“The box is shipped flat,” says An- 
derson Maddocks, vice president of 
Specialty Equipment Corp., the West- 
borough, Mass., company that builds 
the machines that make ALB boxes. 
“All you have to do is push on two op- 
posing corners, and the bottom pops 
into place.” A series of folds interlock 
to form the bottom, made rigid with- 
out the use of staples, stitches, glue, 
or tape (see drawing). To disassemble, 
simply push on the other two oppos- 
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f THE DEPENDABLES. 


Sharp turns or gentle turns; big bumps or little bumps; you can depend 
on KYB Gas Shocks to take them all in stride... 


So join the demanding drivers in over 60 countries who depend on the 
quick response, exceptional contro! and world renowned quality of KYB 


mile after mile after mile. 
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ing corners, апа the box collapses flat. 

And they’re reusable. “You can set 
up and take down these boxes eight 
or nine times without at all weaken- 
ing the joints,” explains Maddocks. 
“Obviously, you can take a regular 
box, untape it, and reuse it. But every 
time you do that, you’re structurally 
weakening the box because you're pul- 
ling fiber off the lining.” 

The idea to build a better box orig- 
inated 10 years ago from lettuce grow- 
ers in California. Not only did packers 
take a lot of time stapling, taping, and 
gluing boxes, but once they were as- 
sembled and stacked, strong winds 
constantly blew the stacks down. 

Many machines are capable of mak- 
ing ALB boxes, says Maddocks, but 
“what differentiates our machine is 
that it was designed specifically to run 
in-line with other pieces of box-pro- 
duction equipment.” Many box-making 
companies wanted the locking-bottom 


| feature, he says, but were unwilling 


to replace their old machines. 

A piece of cardboard goes through 
several processes before it becomes an 
ALB box: The sheet feeder loads a flat, 
square sheet into the processing line. 
From there it enters the flexographic 
press, which has three components: 
the slitter-scorer module, which cuts 
the straight creases between flaps; 
the rotary die-cutting module, which 


| shapes the flaps into the angles needed 


to make the locking bottom; and the 
printing component, which prints the 
graphics. Upon leaving the flexograph- 
ic press, the sheet—still flat—enters 
specialty Equipment’s machine, which 
folds and glues the box and prepares 
it for shipment. 

ALB boxes are 5 to 20 percent more 
expensive than conventional boxes. 
But, says Maddocks, “you can set up 
the Automatic Loc-Bottom box in two 


seconds, whereas it might take, who 
| knows, fifteen to thirty seconds to 


fold an ordinary box. That multiplies 
over the course of the day into a lot 
of boxes."—Eduardo В. С. Capulong 


| Push on two opposing corners, and a 


clever series of interlocking flaps forms 
a rigid bottom. Disassembling the new 
ALB box is just as easy. 


чі 


Answering your questions 


Can you answer the five most-asked 
questions about repainting? Sears, 
Roebuck and Co. recently introduced 
a toll-free number you can call for help 
on painting problems, and has kept 
note of the most-asked questions: 

1) Can I use latex over oil paint? 

2) How much paint do I need? 

3) Do I really need a primer? 

4) Which paints—flat, semigloss, or 
gloss—work best in different rooms? 

5) How do I get one-coat coverage? 

Here are the experts’ answers: 

1) Yes, you can coat oil paint with 
latex-based paint—and vice-versa— 
both on indoor and exterior surfaces. 
Today’s primers are formulated to 
work as foundations for both oil and 
latex—and a sound coat of either type 
of finish will have sealed the surface. 
Before repainting, just sand lightly. 

2) Paint labels tell how large an 
area one gallon will cover. To estimate 
the total square footage of the area 
you'll be painting, measure each room 
a wall at a time (subtracting for door 
and window areas), then add these fig- 
ures to get the total square footage. 
A gallon of interior paint covers any- 
where from 300 to 500 square feet. 

3) Always use a primer on an un- 
painted surface; it seals the surface 
and forms a foundation coat for all 
paints put over it. You dont need a 
primer if you're painting over paint 
—with one exception: If the surface 
has a stain that can bleed through 
your topcoat, a primer will block it. 

4) Gloss is the paint with the great- 
est shine; it’s also the most durable. 
Use it in children’s rooms and on out- 
door furniture and trim. 

Semigloss has a broader application 
since its sheen is subdued. It’s more 
durable than flat paint, so use it in 
bathrooms, kitchens, and other areas 
that require frequent cleaning. 

Flat is the most common finish for 
interiors because it absorbs light and 
softens the look of the room. It’s not 
as durable as gloss or semigloss, so is 
recommended for rooms where walls 
won't need frequent washing. Satin 
finishes look flat when viewed straight 
on, but have a moderate shine when 
seen at an angle. Some manufactur- 
ers offer eggshell finishes that have 
even less sheen than satin. 

And to confuse things further, Ben- 
jamin Moore Paint Co. has just intro- 
duced a pearl finish, which company 
literature describes as “higher in lus- 
ter than eggshell but softer than 
semigloss.” It’s called Regal Aqua- 
Pearl, and I roller-coated a badly 


about fall repainting jobs 


flaked plaster wall with it (after chip- 
ping off all loose paint and feather- 
ing sound edges with sandpaper). I 
find the soft sheen preferable to a flat 
finish—and the wall is fully washable. 

5) For one-coat coverage, follow label 
directions and use the recommended 
applicator. Poor-quality brushes and 
rollers can leave voids, craters, and 


Амно пе nbd Sun осе о | 

the ribs is normally a tedious and ume | 
consuming process bul with the | use 
of Arrows fastening: tools this process 
has been shortened considerably. 


THIS CANOE WAS BUILT 
IN HALF THE | 
TIME... | 


stroke marks. Use enough paint; latex 
finishes are easy to apply, but it's also 
easy to spread them too thin. You 
wont get single-coat coverage on po- 
rous surfaces because they absorb 
paint too fast. 

Make sure you've applied a thick 
enough coat around the trim and fix- 
tures; inspect and touch up your job 
as needed before the paint dries. 

And if your question isn't one of 
these top five, call the experts at Sears. 
Dial 1(800) 9-PAINTS Monday—Satur- 


day during business hours.—A/ Lees 
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Available at all kading t Hardware. Home Семе. and Discount t Daya IDÎ Stores Supe 
Arrow Fastener Company, ! Inc. 271 Mayhill Street, Saddle Brook, N.J. 07662 


In Canada. Jardel Distributors, ine 


505 Metropolitan Blwd.. East, Montreal Н?Р 1X9 Quebec 


In United Kingdom: Arrow Fastener (U.K) Ltd, 82 Old Brompton Road, London SW? 3L 
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Listing to starboard 


| Town a 1983 Oldsmobile Cutlass Broug- 


on the odometer. I have recently no- 
ticed that the passenger's side of the 
car sags about an inch lower than the 
driver's side. A friend of mine has a 


| Packed with : 
tremendous savings шшщ < = 
on professional 
quality brand-name tools, 
equipment, and machinery. 
See why over 2 million 
customers have made _ 
| Harbor Freight their <% 
р source for tools. 
Clip this ad and mail it in 
| today for your free catalog! 


that has a worse sag than mine. Both 
of us use our cars mostly with no pas- 
sengers, and there is nothing stored 
in the car or the trunk that would 
cause this problem. The local Olds 
dealer is unaware of any problem or 
recall. 

Robert J. Wallis, Poquoson, Va. 


That sag isn't normal. It could be caused 
by the passenger-side spring or springs 
collapsing, or by one or more broken 
or bent suspension members on that 
side of the car. Driven on decent roads, 
a cars major suspension components 
normally last for the life of the vehicle 
(not including shock absorbers and 
ball joints). On the other hand, wash- 
board road surfaces and potholes can 
quickly tear up anything man can build. 
I recommend you have an alignment 
shop check out your car's entire sus- 
pension system, especially ride height. 


Address 


State 


| Name of Company — 


City Zip 


„HARBOR FREIGHT, _ 
255, SALVAGE COMPANY Wai: 


3491 Mission Oaks Blvd. Р. О. Box 6015 
Camarillo, California 93011-6015 
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Check below to report a change of address. 
Or to get more mail. Or less mail 


Pre-pressurized oil 


that says it will completely pressur- 
ize your engine oil, before starting, in 
six seconds or less. They recommend 
this be done prior to starting the en- 
gine, as it is said by the Society of 
Automotive Engineers that 80 percent 
of all engine wear occurs during the 
cold-start cycle. Also, I would appre- 
ciate your comments on the use of 
| "Slick 50" oil additive for a motor 
home with a 454-cubic-inch Chevrolet 
engine. 


Zip Code 


State _ 


Please attach your address label (or copy your name 
and address exactly as they appear on your label) in 
_| the space above. 


MOVING NOTICE. Put your old address above, your 
new one below. (Please give us six weeks’ notice.) 


UNLISTING SERVICE. Check here if you don't want to 
receive mail from advertisers who use the POPULAR 
| SCIENCE * list. (Be sure to attach your label above.) | 


| David G. Sholar, Boone, N.C. 
LISTING SERVICE. Check here if you're not а sub- 

scriber but want to receive mail from advertisers who 
use the POPULAR SCIENCE * list. (Be sure to fill in your 
name and address below) 


| I agree that pressurizing oil before 
starting is a very, very good idea. If I 
had my way, all engines would be built 
that way. I’m not willing to comment 
on specific systems that are available 


| 

| 

| 
| | 


тын in the marketplace because I haven't 

| tested them. 
| Address As for oil additives, my standard an- 
| swer is to use a premium-grade oil 
| City State Zip Code specified by the manufacturer for en- 


| POPULAR SCIENCE", PO. Box 54945 
| Boulder, Colo. 80302-4965 


condition. For an engine in poor con- 
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ham four-door sedan with 52,000 miles | 


1984 Cutlass with 30,000 miles on it | 


There is a product on the market now | 


| gines in normal service and in good | 


“Say, Smokey—" 


A clinic on cars by Smokey Yunick, America’s most famous mechanic 


dition, or under unusual service con- 
ditions, I would personally consider 
chemistry. But it’s a good idea to know 
what you're doing. 


Decisions, decisions 


Could you please set me straight on a | 
couple of questions? I get different ad- 
vice from different mechanics. I was 
told to use 10W-30 oil in my 1985 
Chevrolet Cavalier in the winter and 
10W-40 oil in the summer. However, 
the owner's manual recommends 5W- 
30 oil year-round. Who's right? Also, 
| how should steel-belted radial tires be 
rotated? Some mechanics say they 
should never be cross-rotated, but al- 
ways switched front to back on the 
same side to avoid internal heat build- 
up due to the direction of the weave. 
Joe Reinhardt, Hudson, N.Y. 


Here's my standard answer for oil 
questions: Read the owner's manual, 
and follow its recommendations. The 
builders are going to specify the lubri- 
cant that works best in their machinery 
under standard operating conditions. 
It makes sense to trust them. After all, 
if engines fail under warranty, they 
have to pick up the tab. As for radial- 
tire rotation, again you should follow 
the recommendations of the dealer sell- 
ing that brand of tire; there are now 
three or four different recommenda- 
tions in effect that depend on the make 
and type of tire. My personal experi- 
ence has left me with the feeling that 
belted radial tires should be swapped 
front to rear on the same side so that 
the tread continues to pull against the 
steel cords in the same direction. Гое 
observed that reversing the direction 
of rotation and side loading can dis- 
tort tires and encourage failures. But 
the manufacturer's advice is the best | 
you can get for a particular tire. 


Spongy brakes 


I own a 1983 Renault Alliance, which 
I purchased new. For the past 30,000 
miles, the brake pedal has felt soft and 
sinks close to the floor. Each time I 
have the brakes adjusted they work 
well for only a few days, and then the 
pedal becomes soft again. 

Peter Romanovich, Blakely, Pa. 


Don't drive around with brakes like 
those. It sounds like the brake hydrau- 


lic system has air in it. Have it bled 
completely, replacing the old brake 
fluid with new premium-quality fluid. 
If that doesn't cure it, have all the 
wheels removed and check the condi- 
tion of the caliper pistons and wheel 
cylinders, the brake-return springs and 
adjusters, and the master cylinder. At 
the same time, check the condition of 
all the brake linings, and replace any 
that are worn out. Also inspect the rub- 
ber flex hoses at the wheels, and re- 
place any that are cracked. 


Variable displacement 


I own a 1981 Cadillac Eldorado with 
the 8-6-4 variable-displacement six- 
liter engine. I have been advised that 


| there is a New York State class-action 


lawsuit underway regarding 8-6-4 en- 
gine performance. Can you tell me 


| what problems have occurred with 


these engines? My car has 51,000 miles 
on it, and engine performance has 
been satisfactory. 

Bruce K. Burke, Rochester, N.Y. 


If a Nobel Prize for Automotive Engi- 
neering is ever awarded, the Cadillac 
8-6-4 engine isn't going to win it. Many 
people were dissatisfied with the per- 
formance and above-average failure 
rates of this engine, although there was 
no especially trouble-prone area. If 
your car works well and you are sat- 
isfied with its performance, don't worry. 
Just don't let anyone monkey around 
with the 8-6-4 system unless it has ac- 
tually failed; servicing these systems 
can be tricky. When you eventually 
trade or sell the car, expect it to be 
worth less than a V8 model that has 
all the cylinders firing all the time. 


The thing pings 


| I have a 1986 Toyota Camry with about 


14,000 miles on it. Since it was new 


| the car has pinged pretty badly with 
| the recommended 87 octane gasoline. 


It pings moderately with 89 octane 


fuel. When run on 92 octane fuel, it | 


has a minor ping that occurs only 
when accelerating hard with a com- 
pletely warmed-up engine. The noise 
is especially noticeable just at the in- 
stant I ease up on the gas after accel- 
erating. The dealer says not much can 
be done about it. A tuneup hasnt 
helped. I can live with this noise if 
it's only a trivial matter, but I don't 
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CURIOUS MECHANICAL MOVEMENTS | 
Explore а 1927 picture book of almost 1000 different 
mechanisms. Everything from unusual engines and 
acoustic telephones to mining devices and perpetual 
motion machines. Dynamite illustrations! Fascinating! 
Don't pass this up! 412 page paperback 
Order no. 4406 $14.95 
CHARCOAL FOUNDRY 

Convert a five gallon pail into a powerful furnace to melt 
aluminum, pot metal, brass. Convert scrap into ingots 
and machine parts. Best selling paperback! 1980 

Order. no. 163 


ALTERNATOR SECRETS 

Get thousands of watts from common auto alternators! 
Run tools, lights, AC-DC appliances, charge batteries, do 
light arc welding and more! Get 60 cycle AC from com- 
mon induction motor. No- rewinding! Jam-packed 
booklet! Secrets! 
Order no. BO $3.00 


RUN THREE PHASE MOTORS ON 


| SINGLE PHASE POWER! 


Learn three proven methods in use since the turn-of-the 
century! No motor rewinding! Easily done. Jam-packed 


booklet! 
Order no. 81 $3.00 


Lindsay Publications, Inc. 


PO Box 12-EH, Bradley IL 60915-0012 T, 


[] Send a catalog! = | have enclosed $1.00 ($3.00 foreign airmail) 
Send the books l've listed and a free catal og. I've enclosed the price 
[] of each book plus shipping & handling. Get 'em here fast! 
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TESLA COILS 


TESLA COIL SECRETS 

Page through the private notebooks of a 
builder of lightning bolt generators! Incredible 
diagrams and secrets! Rare info! paperback 
Order no. 4317 $6.9 


=ar ‚ | 
Giant How-to Cataloa! 
Discover rare, top-rate paperbacks, text 
books, industrial references on all types of 
unusual how-to: foundry, machine shop skills, 
engine repair, electronics, alternate energy, 
homesteading, survival skills, much more! 
Send $1.00 ($3.00 foreign airmail) for your 
copy of our latest catalog filled with more 
great books than we can fit in this ad! Or re- 
quest free catalog with any book ordered from 
this ad! 


HOW TO ORDER 

Send your name, address, a list of the books 
you want, the total book cost, plus 75€ for 
the first book and 25€ for each additional to 
cover shipping and handling. We accept 
checks and money orders. Or send VISA or 
MASTERCARD numbers with signature. Il 
linois residents add 6% sales tax, All books 
are guaranteed! You may return any book 
within / days for refund. Your satisfaction is 
guaranteed! Order today! 
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Build a Custom House 
at Savings up to 30% 
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| New анн нику "kits" offer you top-notch houses ої | 


every size and type, including log and dome houses. Or 
ave one custom-made from ра plans! Get the Сот- 
lete Guide to Factory-Made 
Here is all about factory-made houses and how to build 
a custom model fast with no hassles. It also cites 250 
top U.S. makers. 184 pages; many photos, plans. Money- 
back guarantee. Only $11.95, FREE with ever 
Report: “Building Your Own House.” 


The Buliding Institute, PS7 
_ 855 River Road, Piermont, N.Y. 10968 
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want to wreck the engine. What do 
you think’? 
Marshall Spector, Setauket, N.Y. 


| The problem is worth sorting out; it 
| could shorten your engine’s life. The 
pinging your hear on deceleration in- 
dicates that there's a big mistake oc- 
curring in the electronics that control 

ignition timing. Pinging on decelera- 
| tion is very unusual. It indicates the 
engine is receiving far too much igni- 
| tion advance when you lift off the throt- 
tle. If the dealer can't make any sense 
| of this problem, it's time to talk to the 
factory service representative. 


Rap, rap, rap 


I have a 1977 Buick Regal with an 
eight-cylinder engine. When I start it | 
in the morning it knocks like crazy. | 
Then the knocking stops when the en- 
gine is completely warmed up. After 
that, the knocking only occurs when 
I give it gas. One mechanic told me I 
shouldn't worry about it, but I do. 

Jesse Lopez, Chicago, ПІ. 


A car as old as yours probably has a 
plugged-up oil pump screen. I also be- 


START YOUR OWN PROFITABLE CASH BUSINE 


"Say Smokey—'"...... 


| you screw it in place. It also helps to 


lieve your bearings are worn beyond 
specifications—don't be surprised if 


| you have a bearing failure soon. You | 


should have the oil pan removed, clean 
the oil pump and screen, and check the 


clearances in the bearings; preventive | 


maintenance is cheapest. T'he noise you 
hear is the crankshaft and connecting 
rods knocking together until oil from 
the sump finally gets to them through 
the dirty pump. Severe damage accom- 
panies these noises. 


Quick change 


After I change the oil and filter in my 
1984 Chrysler Horizon, the engine 
makes a knocking sound for as long 
as three or four minutes when it is 
restarted. The Chrysler representative 
has listened to the engine twice and 
claims no damage has been done. I 
change the oil and filter every 2,500 
miles. 

Bill Mansfield, Durham, N.C. 


I realize this won't work for all cars, 
but on cars with vertically mounted oil 
filters, you can do the engine a favor 
by filling the new filter with oil before 


change the filter quickly after engine 
shutdown. The idea is to get the new 
oil-filled filter in place before the oil | 
in the engine's lubrication passages has 
drained back down into the sump. 
Changing the filter before you drain 
the crankcase oil is another good trick; 
if the oil pump in the sump remains 

filled with oil, it won't let drain-back | 
occur as quickly. Then change the oil 
quickly, refill the crankcase as soon as 
possible, and restart the engine. When 
you change the oil and filter this way, 
you don't get quite all of the old oil | 
out of the engine. But I prefer it to run- 
ning without lubrication for 30 seconds 
to a few minutes. 


Topping up oil 


lI own a 1985 Dodge Aries with the 


2.2-liter engine. It doesnt burn any 
oil. When I change the oil and filter, 
the dipstick always reads one-half 
quart low. My neighbor has the same 
car with the same engine, and the 
dipstick reads the same way. The own- 
er's manual says to put in four quarts 
with or without a filter change. Should 
I top the oil off with an extra half 
quart? When I changed the oil and fil- 
Continued 


SS 


BE YOUR OWN 
BOSS... BE A 
LOCKSMITH 


There is a difference in 

locksmithing 
training and 
the differ- 
ence is NRI 
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EVEN WHILE LEARNING! 


Only NRI gives you such complete training, 
so much real bench experience, and the confi- 
dence and all the tools you will need to earn cash 
money fast. 

A well-trained locksmith earns money in 
many different ways—installing locks in apart- 
ments, homes, businesses, and automobiles, 
fixing broken locks, cutting new keys, and more. 
And this huge market is just begging for new 
qualified locksmiths. Today there is only one 
locksmith for every 18,000 people! 


The Newest, Most Advanced 
Course of its Kind 


Thorough step-by-step lessons and profes- 
sional locksmithing equipment such as the Taylor 
KD5 Key Machine give you hands-on experience 
in this exciting growth field. You'll start earning 
huge cash profits of 800% to 900% duplicating 
keys. And only NRI offers you an Electronic 
Security Alarm training system. 

Compare! NRI offers the only course 
that is nationally approved by the accrediting 
commission of the National Home Study 
Council. 

Compare! NRI’s course training has been 
broken down into 10 learning modules, each with 
the right number of lessons to keep your training 
at an easy-to-follow pace. All the lessons, 
hands-on training, and experiments have been 
developed to ensure that you begin practicing 
from the very first day. . .апа can begin making 
cash as soon as you like. All the money- 

making secrets of a 

locksmithing trade will 
become yours with your 
NRI training. 

Plus, only NRI gives 

you training in both 

locksmithing and electronics 
security systems in one 
complete course. 


Start Your Own Business, Full or 
Part-Time, Even From Your Home 


Add to your income with part-time work 
with established locksmiths. . .start your own 
part-time or retirement business in your own 
home...make locksmithing and security a 
full-time career as a skilled technician in your 
own growing business. There is opportunity 
everywhere! 

NRI’s free 4-color booklet will show you 
how quickly you can train to be your own boss 
in a profitable locksmithing business and gain 
the respect you deserve as a trained technician 
like other professionals sin your community 


SEND FOR FULL INFORMATION BOOKLET! 


| NO OBLIGATION, NO SALESMAN WILL CALL! 


= = 
y. / 5-400 LS ain 

McGraw-Hill Continuing Education Center 
3939 Wisconsin Avenue | 


| Washington, DC 20016 
We'll give you tomorrow. 


approved under GI bill 


[ ] check for details. 


| | [VÍ CHECK ONE FREE CATALOG ONLY 
Cl Locksmithing & Electronic — | | Basic Electronics 
Security C Telephone Servicing 
| C) Data Communications O Small Engine Servicing 
E | Robotics & Industrial Controls E x Appliance Servicing 
| а d as and Vidéo C] Automotive Servicing 
ystem Servicing — ре 
C] Electronics Design Technology а и сас NE T 
| L. Digital Electronics C Building Construction 
{ LJ Communications Electronics 7 Computer Electronics with 
| C] Industrial Electronics Microcomputers 


Name (Please Print) 


Street 


1702-107 | 


| City 
State/Zip 
| Accredited by the National Home Study Council 


TOUGH STUFF 

1/4" thick G.E. #713 

‚ \ light gray LEXAN with 
an abrasion-resistant 
coating on one side that 
will defy even steel wool! 
Holes in the corners, but 
you could cut a clear 
rectangle "x 13%" and 
miss them. Great project 
material. 


(10) or more,S1.95/ea. | 


LOTSA 
LITTLE 
LABELS 
Fresh little 
3/4" x 2-1/4" 
self adhesive 
peel-off 
LABELS 
|  arrayed 
longitudinally on wexed paper. Over 
1800 per 30-foot roll, which works out 
to an 84% discount from stationery 
store pricing. 
3331 - $2.25 (10) or more, $2.00/roll 


25 VOLTS 

FROM THE WALL 

9.5 volt OC Transformer 
that plugs right into the 
wall, Five-foot cord with 

, a special plug that you'll 
probably snip off. A nice 
350 ma output. Nice little 
power supply for folks who 
tire of vide 9 volt bat- 
teries ! 1, Brand new ! 


1981 - $2.25 (10) or more, $1.75 each 


PENNY-CUTTERS 

D “Miracle” CUTTING SHEARS 
ег“ from Pakistani, Designed for 
MA, use by para-medics on wire, 

\ light sheet metal, and 
other tough stuff. Nar: 
mally shown cutting 
pennies in two. They'll 
[| do it, but it's not recommended! Good 
handy lab or snap shear at a closeout price 
6388 - $3.75 


| 


Seep, CHINESE 
UE SANDPAPER 
feo 3 x 11" cloth- 

7 backed aluminum 
oxide SANDING 
SHEETS from 
the People's Re- 

| Ё[ : public af China. 
[| Sixty-sheet assortment ranging from a 
coarse grade 16 to a fine grade 100. 
Good stuff cheap! 
4798 - $12.00 


Looks like lamp 
ff cord. Actually а 
= low melting point 
ADHESIVE Pe Bostik,.Made to seam 
fabrics, but the 2300 F softening point 
and 4250 F working temperature make it 
act just like solder. Melts easily, hardens 
uickly to a water-resistant solid. Crafts? 
заи ыд tent repairs? |mprovised 
ments? Ten feet/package. 
3858 - $1.25 


4 ITSY BITSY BULB 
1-1/2 to 3 volt incandescent 
LAMP illustrated larger than 
life size. Tiny glass envelope 
with tinned leads. Bring 
light to your hobbies ! 
| Sold i the half dozen. 
1076- $3.00 (24) for $8.75 


$ ڪڪ‎ 
| MERCURY THERMOMETER 
| || 16" LAB THERMOMETER marked 


| from —10° to +4000 Centigrade in 

| 2 degree increments, Black hash 
marks against yellow ground. A 
good, general purpose mercury | 
thermometer at an old fashioned 
reasonable price | 

| | 2621 - $3.50 | 


ы 


ҮЛ CELL SALE 

ear | Rechargeable Elpower 

EP 695 GEL CELL rated 
for 9.5 amp-hours at 6 volts. 
A five-pounder measuring 

И 2X"x4V"x 5-3/8" Unused 
and guaranteed, but you will have to re- 


charge it before use. А terrific surplus val- 


ue at about 40% af replacement cost. 
6154-$9.25 — 


IMMORTALIZE 

DEAD PLANTS 
A nifty FLOWER 
DRYING KIT that in- 
cludes three pounds of 
reuseable drying agent, 
some spray sealant, wire, 


СӘ 


D 


- E 


tape, and instructions. This same kit cur- | 


rently retails at $18, but they may not 
own tons of it ! ! Good material that 


really works ! 
5115 - $6.00 
; SOLAR CELLOUT 
4" square SOLAR CELL with 
= tabs for tapping the sun's ener- 


= gy without doing your own 

= soldering. These cells yield 

about 1.5 amps at 0.45 volts in full sun. 

- with a meter ога tay motor for a 
uper science project. 


3378- $4.75 (10) or more, $4.00/each 

.— . THEKEY TU ON& OFF 
A e operated ON-OFF 
SWITCH with stainless 
steel trim ring. Mounts 

in 3/4" diameter panel hole with included 
hex nut. Two keys that remove in either 


position. Locks on, locks off, locks in, 
ШЕ: ҮШ and versatile. 


= 


FOOT LONG MASONRY DRILL BIT 
Carbide-tipped Masonry bit with dust 
removal channels. 5/8" diameter by 13" 
lang with turned down shank for use 
with 1/4" electric drills. French made 
and real handy for running speaker 
wires into the next room, 


4714 - $4.75 (25) or more, $4.00 each 


i 


4 
INSTANT BUTTONS 
Boxes of ten sets of 2-ріесе 
white plastic BUTTONS 7/16" in dia. 
(Shirt Size), Push the stake through the 
fabric, press the keeper in place, snap off 
the excess, and PRESTO! Avert a fashion 
crisis on your next road trip. Well made 
by Talon to sell for too much! ld 


HUGE DISCOUNT ON FOAM TAPE 
Oouble-faced FOAM MOUNTING TAPE 
in an assortment of jumbo rolls from 1/2” 
to 2" wide and up to 1/8" thick. Over 
72 square feet of tape per assortment. 
Use to secure assembled parts, mount 


| 3823- $2.00 (100) or more, 35€ / box 


| Signs or art work, or even for body 


jewelry. Over $100 at retail. 
5100 - $10.00 


^H. 
= i А 
— ^ 


Ordering is Simple: 


1. Minimum order is $10.00. 


ONLY U.S.A. ORDERS ACCEPTED ! 
| 2. Personal checks, Visa cards, and Mastercards are accepted. Credit card orders must be 


shipped to the cardholder and must include the holder's signature, the card number, 
expiration date, and the name of the issuing bank, 
3. A single $3.00 per order charge covers all shipping and handling, no matter how big 


or heavy. Illinois shipping addresses must 


4. Please be sure to include the number and name of each item, the quantity you wish 


include 7% sales tax on merchandise. 


to order, a printed shipping address, and a daytime telephone number. 


5. Purchase orders over $25.00 are acceptab 


le from schools or well rated companies. 


SURPLUS 


JERRYCO is a ten-year old mail order company that concentrates on surplus. JERRYCO's inventories include 
both commercial and military surplus, They come from bankruptcies, overstocks, contract terminations, auctions, | 


and discontinued product lines. 


JERRYCO specializes in science stuff, electro-mechanical devices, optics, laboratory supplies, gadgets, 


raw | 


materials, tools, wacky gimcracks, educational items, motors, bearings, and the like. 
And everything is a bargain, Prices are as much as 98% below original cost, shipping is cheap, and merchandise can 
be returned in its original condition within 30 days for a refund of the item's price. 

DON'T WAIT, THOUGH. WHEN A SURPLUS ITEM 15 GONE, IT’S GONE FOREVER ! 


FOR TINKERER OR TEACHER ARTIST OR ARTISIAN, ENGINEER OR GADGETEER 


QUAD POWER SUPPLY 
Incredible value in a quadruple POWER 
SUPPLY, all fully regulated to 0.05 volts. 
+5 VOC at 3 amps, —5 VOC at 0.5 amps. 
+12 VDC at 1 amp, or a variable Û - 20 
VDC at up to 2 amps. With current and 

| voltmeters, a foldback circuit that pro- 
tects against dead shorts, current surges, 
or excess current demand; and linearity 
that yields constant voltage independant 
of load, Two year limited warranty. 
none sell for more than $125, but 

hat's surplus for you ! ! 


5116: $59.50 (10) or more, $50.00 each 


12 VOLT OC 
FLANGE FACED 
Dandy 12 VDOC perme 
anent magnet MOTOR. 
1-3/8" dia. x 2-7/8" 
long with a 3” diameter 
mounting flange. 3/16" x 3/4" shaft. 
Starts at 3 VOC, runs at B, and is really 
zinging at 12 ! Made for an an automotive 
siren that tgot hung up on its way to market. 


6196 - $2.00 each 


"CC THE CLOSE-UP VIEW 


A fine MAGNIFIER that 
began life as a microfilm 
projection lens. The three-lens system is 
ina black anodized aluminum cell 1" in 
diameter by 2" long. А small field of 
view as a magnifier (about 3/32”) but 
extremely flat and sneaking up on fif- 
teen power! Equivalent "real" magni- 
fiers run upwards of $20.00 | ! 
| 4835- $3.25 


FIELD | 
MAGNIFIER 
Built as а pro- 
jection device, 
this Hens 
system acts like 


| E 2. 5 power magnifier with a dandy 


2%" working distance. Black aluminum 
| barrel 1-3/8" in diameter by 1-1/2" 
long. Nice flat field with no edge distor- 
tion. Great for phone hooks. 


2390- $175 (10) or more, $3.50 each. 


CHIPS ON THE HOOF 

3 dia. SILICON WAFER 
with up to 1,000 micro- 
circuits. An electronic Mis- 
print, actually, but a fascin- 
ating classroom study with a good magni- 
fier or low power microscope. тан 50 


| handle carefully. 3021-4 


BALL BEARING POT POURRI 


P DOL ИТ nati aT ea IL C METRIC IN 
STAINLESS STEEL GOOSENECK RA, | — Lopes 
20" lang GOOSENECK made entirely of | * coated fabric 
stainless steel, save the formed end caps. TAPE MEASURE. 


ж”. Both sides are 


hashed to 1 mm. The background on the 
| front is broken into 10 cm blocks of color, 
while that on the back is plain white. 
Makes eyeball noting of moving objects a 
technicolor project. Five per orn 
6234 - $2.00 (10) or more, $1.50/рко, 


LOOK MA, NO HANDS 


Ordered by Uncle Sam to protect the rip 

cords on parachutes, They'll do the same 

for the wires or cables in your home or 

| automotive equipment, even in hostile or 

| outdoor environments. Very flexible and 

made as only unlimited tax dollars can af- 
| ford. Excellent jewelry potential, too. 


| 3897 - $2.50 (25) or more, $2.00/each 


-a 4 VOLTS OF LITHIUM Japanese-made quartz CLOCK 
Lithium manganese BUTTON | MOVEMENT that operates on 
BATTERY 1" in diameter. а single AA battery. 2-3/16" 


square black plastic case, Con- 
centric hour and minute shafts with a re- 
cessed second hand shaft. But no hands. 
| Fashion your own or view it as a low 
voltage gear motor unrelated to the 
passage of tima, 

4489 - $2.25 


Rated 160 milliamp-hours at 
3 volts. Not rechargeable, but 
an incredible shelf life of ten years or 
more. Great for intermittent or emergen- 
cy equipment. Unused Sanyo CR-2430's 
at a fraction of their original cost. 
6068 - 


MOTION DETECTOR 

1"x 4"x 5" plastic case- 

ful of magic. Add 4 AA 

batteries, and it will 
hank for about 15 seconds. if MM 
moves to affect the ambient light balance, | 
it will sound off for another 15 seconds 

| or until things calm down. A large object 
at 50-feet would set it off, as would a 


LOCKING TWEEZER 

Pakistani B inch TWEEZER of 
stainless steel with fine, curved 
tips. With the tweez-ee in place, 
squeeze the handles tagether to 
latch and lack the tweezer shut. 
Squeeze again and push the catch 
forward to release. Nifty clamp 
or soldering heat sink. 


6311 - $3. small one at closer range. Heavy current 
draw exhausts batteries quickly, which 
12 VOLT GEAR MOTOR is probably why we have the silly things. 


| Small 12 volt DC Rowe 
| GEAR MOTOR that yields 
' about 80 RPM at full voltage. 
Fewer RPM at lower voltage, naturally. 
Only Hx 1%" 2" with a 1/8" dia. by 
3/8" long shaft. Reversible, case-grounded, NS 


Fine portable alarm or tinkering toy. 
| 8176 - $6.00 


and remarkably good torque. Great ө C3 W 
robotics applications, X 
3011 - $4.00 رج‎ S | 
m - س‎ 
RARE EARTH MIRACLE 


Tiny MAGNET made of Samarium-Cobalt. Only 1/16" thick and 3/16” in diameter. 
It will lift a quarter pound of steel. That's a mind numbing 500 times it's own weight, 
3264 - $2. 00 (25) or more, $1.75/each 


SURGICAL 


CLEANLINESS MAGNIF YING 
plastic SCRUB BRUSH Bi rwo pisce cen acrylic 
а plastic 
WP) used in hospitals and on C Ty BOXES with a 2X mag: 


nifying lens molded right into the top. 
1" square by 3/4" high. The idea is to 
imprison à bug and to pass it around 40 
everyone can get à bigger-than-life view. 
Works fina if you're not expecting a 
professional image. Five baxes per pkg. 
3010- $2.00 (5) or more, S1. 75/pk 


late night TV with а 
cake of special soap. For the intrepid sur- 
plus venturer, great non-bruising mush- 
room or specimen cleaner. (4) per pkg. 
4974 - $2.00 Case of (800), $120.00 —- 


SEEKER METER 
1-5/8" square ELECTRIC 
METER scaled from 1 to 10 


and marked simply "Seeker." DREADED MOLLUSK 


Bag of ten BEARINGS. Two each of five 


150 microamp full scale, or Sensational 5-X" rubber 5106 ] 


79020. $38.00 (2) or more, $33.00 each PY: 


6. Surplus is satisfaction. Merchandise can be returned in original condition within 30 


days for a refund of the price of the item. 


get some resistors and a current copy of 
Ohm's law to make it into a voltmeter. 
A 12 volt DC result would require a 
51.8 resistor in series. 


2688 - $2.25 (24) or more, $1.50/each 
FUZZ HOOKS 


types ranging up to 12" in dia. No odd- 
bail stuff or super bow wows. May be 
metric, shielded or unshielded, ground or 
unground, but very nice as a base for 
that future project in need of rolling. 


4568 - $4.00 (10) or more, 3.50/set 


TACHISTOSCOPE 


Impossible to capture in fifty 
words, but we'll whet your eye- 
" sight. Dandy PROJECTOR with 
adjustable timer that uses special 
Viewmaster disks to teach 
speed reading and comprehen: 
sion. If you know the item, you 
know the $149 original cost. If 
not, wait for your copy of our 
JER AY CO catalog and read the 
whole story. Disks available 


VELCRO ASSORTMENT 
Mish «mosh time. Eight one yard lengths 
of genuine VELCRO Ghooks and two one 


widths, and backings. Use a bit of one and 
г lot of the other for the ultimate in bul- 
letin boarding. Ten yard assortment, 

4569 - 53. 00 (10) оғ more, $2.65 each 


TAPE-ESTRY 

AS AN ART FORM 

60-yard rolls of 1/4" 

wide COLORED 

MASKING TAPE. Trims 

and seconds, which means 

j they may vary a bit in 
width and that they may 

bea little кй, ир, Fresh and totally 

usable. Eight rolls per package, including 

at least four colors, It's fun to be tacky 

in four-color tape | 


3583 - $240 (10) or тоге, S2 ü/set. | 


yard lengths of the fuzz. Different colors, 


complete with antennae and a 


sli 
' to 


my appearance. We'd say ana 
mically correct but for the 


singular absence of anatomical 
distinction. Slugs are de rigeur 


in 


Seattle, Be the first to pop- 


ularize them in your region. 
Four of the critters to а package. 


6113- $2.00 


EFFECT 
Twa small ROCKS in a bag. 
Scratch them firmly to- 


| gether in a dark space to 


generate wierd light flashes. | 


The electrical discharge is the natural 


piezo electric 
applied. A co 
young scienti 


6210 - 51.50 


46:PAGE SURPLUS CATALOG 
FREE with any $10.00 Order or send $1.00 for 4 issues! 


Ji. 


AN AFFILIATE OF AMERICAN SCIENCE CENTER 
607 LINDEN PLACE - EVANSTON, IL. 60202 
PHONE - 312/475 - 8440 


result of the pressure you 
mmercial offering, but one 
sts love. 


“Say, Smokey—" continued 


ter in my old Chrysler 383 V8 engine, 
I always added an extra quart for the 
filter. 

Irving Mordkowitz, Brooklyn, N.Y. 


Assuming that you have the right dip- 
stick in your engine and that you're 


reading it after it has been pushed all 
the way down into the dipstick tube, 
you can go ahead and add the extra 
half quart. Although your engine has 
a small oil filter, it will take about an 


extra pint to completely fill the sump 


Now You Can Build This Full Size 


OAK ROLL TOP DESK 


after an oil and filter change. Since 
your engine isn't an oil burner, you can 
also rest assured that you are plenty 
safe with four quarts of new oil. 


The right filter 


The dealership from which I pur- 
chased my 1986 Mitsubishi Tredia 
recently advised me to use only Mitsu- 
bishi's No. MD-031805 oil filter when 
changing the engine oil. It said Mit- 
subishi owners had experienced major 


And Many Other Top is Products From Pre-Cut 


a | 


' Pull-down tambor 
1 comes completely 
assembled 


You can complement your 
desk with matching 2 or 3 drawer 
oak file cabinets or stacking oak barrister’s bookshelves, 
all from Craftsman's Corner's pre-cut kits. Add the final 

touch with a pre-assembled, ready-to-finish, 
solid oak swivel chair! 


Craftsman's Corner quality hardwood 
kits are designed for every room 
in the house and include tables, 
chairs, clocks, music boxes, dry 

sinks, hutches, dressers, chests 

and many more. Each kit con- 
= tains all wood parts, complete 
==" hardware, and detailed assembly 

instructions... 
you build them the savings are terrific. 
ч Craftsman’s Corner's 
~ @asy-to-assemble kits let 
* your dreams come true. 


No special tools needed. 


and because 


Hardwood Kits. 


With only a minimum of wood- 
working skill, you can build this 
full size authentic roll top at 
extraordinary savings. Complete 
kit includes all pre-cut wood 
parts, hardware, and easy 
instructions. When finished, you'll 
possess a magnificent showpiece 
for your home or office. 
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SEND FOR DETAILS ON THESE OAK KITS AND MORE IN OUR 


A FREE Full Color Catalog CM 


әл | Yes, please send my free Сгайѕтапѕ Corner color т s 
(m I understand I am under no obligation. 


oe, 
| CRAFTSMAN'S CORNER Dept. 8PB 
= 4012 МЕ. 141 St. * Box AP * Des Moines, [ома 50302 


айу 


LETT 


Zip 


engine problems when using aftermar- 
ket oil filters because the pressure re- 


quired to operate the valve in the filter 


causes excessive wear at start-up. 1 
have called other dealers who also rec- 


| ommend using only their in-house fil- 


ters, even though Fram No. PH3562 
is listed as a direct replacement for 
the Mitsubishi filter. Is this true or 
just dealer hype? 

Al Kanetsky, Philadelphia, Pa. 


We all know that some original-equip- 
ment oil filters are sold at rip-off prices. 
Replacement oil filters should be the 
same as the original йет in all ways, 
and they generally are. But some bad 
ones that cause trouble do end up on 
the market. In this case, you would 
probably be best off giving Mitsubishi's 
advice the benefit of the doubt. After 
all, you could end up spending a ton 
of money to repair damage caused by 


| a filter that interferes with the engine's 


oiling system. Modern engine design- 
ers are beginning to address the prob- 
lem of bearing wear at cold start-up, 
which accounts for about 75 percent 
of the total wear the bearings ехрегі- 
ence in the life of the engine, and some 


| oil filters are equipped with internal | 


valving designed to prevent the oil in 
a cold engine from draining back into 
the sump. This arrangement is in- 
tended to improve bearing lubrication 
at start-up. 


Stalls in drive 


I have a 1984 Pontiac Fiero SE with an 
automatic transmission. Every time I 
put it in gear, it stalls. The Fiero has 
been to the dealer 15 times. The me- 
chanic there cant fix it. 

Anthony Perri, Hilltop, N.J. 


The car stalls because it is running 
lean in the drive mode. The reason for 
the lean condition is more complicated. 
One strong possibility is a malfunc- 


| tion in one of the sensors that help the 


ignition computer decide what air-fuel 
ratio and ignition advance the engine 
needs. The exhaust-gas-recirculation 


| system could also be malfunctioning. 
| A leak in a vacuum line can sometimes 


cause these problems. In any case, you 
should find a Pontiac dealer with the 


| necessary diagnostic equipment and a 


service technician who has smoked out 


the quirks of this system. Anyone 


else would be shooting in the dark. 


Got a car problem? Send it to "Say, Smokey—,"’ POPULAR 
Science, 380 Madison Ave., New York, N.Y. 10017. All let- 
ters are read, and those of widest interest are answered in 
this column. Due to the large volume of mail, Smokey can- 
not reply to letters not selected for publication. 


IS RADON IN YOUR FUTURE? 


If you think radon is not going to affect your future ... you may 
be right, especially if you stop reading this ad right now! 


I'll get right to the point, we are looking for trained agent/dealers 
to provide a radon testing service right in your hometown. 


WHO ARE WE? 

We are one of the world's largest, fastest growing, and most respect- 
ed companies dedicated to the radon testing business. We are AIR 
CHEK, the leader in our field when it comes to excellent service and 
competitive pricing. 


WHAT DO WE HAVE TO OFFER? 
We can help set you up in your own part- or full-time business as 
a RADON TESTING PROFESSIONAL. 


WHY WE NEED YOU! 

AIR CHEK has assumed a leadership role in this highly competi- 
tive business because we offer the nation's fastest, most reliable test 
at a very competitive price. We maintain a large inventory of test 
samplers backed up by a highly computerized analysis procedure, 
customer record files, and manufacturing process. Although we offer 
our service to homeowners and radon mitigation specialists through- 
out the U.S. and Canada, we have not yet been able to provide a 
local service. Local agent/dealers could assist homeowners in test- 
ing and radon proofing their homes, and are required or preferred 
as third party contingency testers in most real estate transactions. 


WE ARE LOOKING FOR HIGHLY QUALIFIED AGENT /DEALERS. 

If you can qualify and are willing to make a modest investment (less 
than $1500 to start) you can operate out of your hometown as one 
of AIR CHEK's respected dealer/agents. The real estate buying pub- 
lic, relocating services, and the banking industry are asking for this 
service in many parts of the country TODAY and are prepared to 
pay a qualified third party to provide this service. 


HOW DO YOU QUALIFY FOR THIS PROGRAM? 
You can qualify if: | 
* You have a source of transportation that allows for movement 
throughout the surrounding towns and/or counties in your area. 
* You have the ability to communicate with people and can answer 
general questions about radon. (Our training will help here). 

You have the time. The average call will require about one-half 
hour (plus travel time, of course). 
* You can provide some personal and/or business references and are 
willing to conduct business in a respectable and reasonable manner. 
* You are willing to invest $1250 and a weekend of your time to at- 
tend one of our national training seminars. 


Also, anyone interested in entering into this business needs to be 
prepared to follow the rules and guidelines as they will be handed 
down by various regulatory agencies. (In most cases when acting 
as an agent/dealer for AIR CHEK you will be able to operate under 
our blanket participation in most di the state and federal programs.) 


WHAT CAN I EXPECT AS A RETURN ON MY ORIGINAL INVESTMENT? 
For this initial investment you will receive a round trip ticket from 
your area's major airport to our headquarters located near the 
Asheville airport in Western North Carolina, overnight lodging, our 
training seminar, and 100 of the AIR CHEK PROFESSIONAL 
RADON SAMPLERS. (The resale of 100 PROFESSIONAL SAM- 
PLERS should produce a gross return of $3000). The PROFESSION- 
AL samplers come with a supply of prepaid FEDERAL EXPRESS 
return envelopes. This, plus access to analysis reports via our toll- 
free phones, makes it easy for our agents/dealers to provide clients 
with the fastest service available. 


HOW INVOLVED IS THE AIR CHEK TRAINING PROGRAM? 

The training program is eight hours long and includes various 
methods used tor in-field radon measurements, radon mitigation tech- 
niques, and industry regulations. Conducting an ordinary radon test 
is so easy that most homeowners choose to conduct the test them- 
selves. If this is the case, you may ask, why will I be needed? Remem- 
ber what we told you earlier: When it comes to a contingency test, 
a third party is needed (most of the time required) to conduct a radon 
test. There are also multitudes of people who don't feel they can con- 
duct this test nor want to take the time to learn how easy it is. Also, 
many times you will be asked for advice on where and how or should 


| there be a retest. If there are elevated radon levels, you can be cer- 


tain the "mitigation techniques" question will arise. We will cover 
all these situations and the most likely consumer questions you may 
encounter. You will be shown how to work with the usual real es- 
tate radon analysis forms, and we'll suggest ways to answer the var- 
ious questions that are likely to be raised when the readings do not 
satisfy all parties involved. Also, there will be a presentation that 
explains the popular mitigation techniques and the approximate cost 
for each method. You will also be instructed in masthead of prevent- 
ing tampering with the test samplers and/or the test area. You will 


| meet others who have plenty of field experience in this business and 
| are willing to share their knowledge with you. 


Other aspects of the radon testing business you will be exposed to 
include other passive methods and an introduction to two of the most 
popular continuous/grab sample (active) testing machines. We will 
also provide an overview of the latest regulatory rules that may af- 
fect this growing industry, so, as our agent/dealer, you can be cer- 
tain of adhering to proper procedures while providing a worthwhile 
service to your community. 


After finishing this course you will receive full support from our cus- 
tomer service department regarding your customers’ questions, plus 
an update on any new rules or regulations that affect this industry. 


AFTER USING MY FIRST ORDER, WHAT WILL BE MY SAMPLER COST? 
You will be able to get replacement radon samplers for $9.95 each 
(minimum order fifty units). Included in this price will be delivery 
to your door via second day air, access to your analysis via toll-free 
phones (plus written confirmation), and another supply of prepaid 
Federal Express envelopes. 


We also offer a co-op advertising plan based on units purchased. 


IN SUMMARY, WE ARE OFFERING: 
* 100 Radon samplers (including a supply of PREPAID Federal Ex- 
press return envelopes). 

Access to your analysis results via toll free phone ... the same 
day of arrival at our lab! 
* An advertising package ready to take to your area media source. 
* Training manuals and blank forms (to be used for your analysis 
reporting). 
* A round trip pao ticket to our headquarters, overnight accom- 
modations, and a one day intensive training seminar. 


All of this for only $1250 (THERE ARE NO OTHER HIDDEN 
CHARGES) and a weekend of your time. And don’t forget, there 
are enough supplies included here to average a return on your in- 
vestment of $3,000. 


SOME OTHER THINGS TO CONSIDER 

As an AIR CHEK agent/dealer, there are no franchise or royalty 
fees. No up front investment in over-priced tools or special equip- 
ment. After your first order, every dollar spent with AIR CHEK 
will return you an average of 300% gross return. We refer all requests 
for contingency testing to our nearest agent/dealer. 


Send no money now! For information about 
agent/dealer seminars and application forms write: 


AIR CHEK, BOX 2000, 
ARDEN, N.C. 28704 
Phone (704) 684-0893 


And finally for those of you who would like to 
try our service on an individual basis, call 
800-AIR-CHEK; our single-room, homeowner's 
sampler is 11.95 plus S&H charges. 


PROTEGT AND SAVE! 


SPECIAL NOTICE 


C.O.M.B. gladly accepts your Discover9M Card. 
The Discover Card pays you a yearly Cashback 
Bonus. Up to 1% based on your annual level 
of purchases. 

The Discover Card—For People Who Expect Value. 


Automatic Motion-Sensitive 


SECURITY LIGHTS 


Outdoor Convenience! Now when you 
enter your driveway, or walk the yard at 
night...an adjustable sensor detects move- 
ment of people or objects and turns flood- 
lights on automatically! Take advantage of 
the LOW liquidation price. Order today! 


è Passive Controlled Infrared Sensor 
Detects Movement of Persons or Objects | 
Near Home or Business. Helps Ward Off 
Intruders. 

e Solid State Circuit Activates Outdoor 
Floodlights to Turn on Automatically. 

e Lights Can be Adjusted to Stay on from 
10 Sec. to 15 Min. with Auto Shutoff. | 

e Adjustable Aiming Capability. Day / Night 

| Sensor Assures Only Night Operation. | 

e Minimum Range: 40'L x 60'W. Handles 
up to 500W Floodlights (Bulbs Not Incl.). 

e Uses Existing Wiring. U.L. Listed. Size: 
8'2"H x 11"W x 10"D. 

One-Year Ltd. Vendor Warranty. 


List: $99.00 
Liquidation 
Priced At 

Item H-3044-7127-897 S/H: $4.50 ea. 


Credit card members can order by 
phone, 24 hours a day, 7 days a week. 


Toll-Free: 1-800-328-0609 


Sales outside the 48 contiguous states are subject to 
special conditions. Please call or write to inquire. 


| SEND TO: item Н-3044 


[| 
| EEE] Direct Marketing Corp. { 


| 1405 Xenium Lane N/Minneapolis, MN 55441-4494 | 


Send. Security Light Unit(s) Item H-3044-7127-897 at 
$49 each, plus $4.50 each for ship, handling. (Minnesota 
| residents add 6% sales tax. Sorry, no C.O.D. orders.) 


О My check or money order is enclosed. (No delays in i 
processing orders paid by check.) 


i 
i CHECK O с @ D шш С - о | 
| Acct No / | 


i PLEASE PRINT CLEARLY 


Address Apt. # 

City j 

(Se 
| oo ee ! 


Sign Here і 
و‎ шай шы араша й 
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Taking Care of Your Car 


By STEVE MERCALDO 


CHOKE PLATE 


ELECTRIC 
CHOKE FEED 


CHOKE HOUSING CIRCUIT - 


WORN INSULATION 


Checking out black choke smoke 


Does black smoke belch from the tail- 
pipe of your car? The problem may be 
a partially closed choke plate. The 
smoke is the visible sign of unburned 
fuel that fouls plugs, causes stum- 
bling, and reduces fuel mileage. To 
check the choke, remove the air cleaner 
after the engine is warmed up and ex- 


SEAMLESS 
WELDED 
STEEL 
TUBING 


Hydraulics hints 

When replacing damaged brake lines, 
use only seamless welded-steel tubing 
with a rust-resistant coating. If the 
brake line you are replacing is ar- 
mored, replace that section with ar- 
mored tubing. It’s probably exposed to 
stone or road-hazard damage in its 
designated position. And finally, avoid 
sharp bends or tubing kinks. 


amine the choke plate in the carbu- 
retor's throat. The plate should be in 
a vertical position after the engine is 
warm. If not, the problem often is a 
broken or corroded wire from the elec- 
tric choke circuit. If the wire is OK, 
check the choke circuit continuity with 
a 12-volt test lamp. 


BACKING 
PLATE 


ANTI-SEIZE COMPOUND 


Bleeder 7 


There are few auto-repair mishaps as 
frustrating as snapping off a stubborn 
brake-bleeder screw. This problem 
can add hours to a simple mainte- 
nance procedure. To avoid that, coat 


the bleeder-screw threads with anti- | 


seize compound before installation. 
The screw will maintain a leakproof 
seal and back out easily for service. 


Got a useful car tip? Send it (with Social Security No.) to Car 


Care, POPULAR SCIENCE, 


380 Madison Ave., 
10017. We'll pay $50 if we use it. No tips can be returned. 


New York, N.Y. 
Continued 


= Scientific study ranks 
É. A ҮТИК -APE 1 


Tp 


The Rank in Order of Exercise Efficiency: 
1. NordicTrack 


nd 


X C Sk Соп 2. An Exercise bike 
Olympic Silver Medalist 3. A Rowing machine 


World Cup Winner 4. A Shuffle type ski exerciser 


Scientific abstract available upon request 


All Exercise Devices Were Tested 4 Times: 
at 3 different heart rates and at maximum work. 
Tests Measured: 
Volume of oxygen consumed which indicates calories burned. 
Data was scientifically analyzed at the University Human 
Performance Laboratory. 
Results: 


On all 4 tests, NordicTrack burned more calories and yielded 
significantly greater cardiorespiratory workouts. 


Nordic Track Pro 
With Adjustable 
Elevated Legs 


5 
It’s Only Logical that NordicTrack Would Get the Highest Scores 


because NordicTrack is more complete than an Exercise Bike. 


Nordic Track adds important upper body exercise. 

Nordic Track provides more uniform leg muscle usage. 

Higher pulse rates, necessary for building fitness, seem easier to attain because 
more muscles share the exercise. 


because NordicTrack provides more thorough exercise than a Rowing Machine. 


Standing position involves more muscle mass than sitting position. 

Nordic Track uses large muscles of buttocks, thighs and calves to simultaneously 
bear body weight and work against resistance. 

Nordic Track resistance is proportioned to individual muscle strength. 
Stronger legs use greater resistance. 
Arm resistance can be set at i ped setting separately. 

Nordic Track is safer — no high back strain loads are imposed. 


because NordicTrack has inertial resistance not available on a Shuffle-Type Ski Exerciser. 
Flywheel provides life-like feeling; Smooth, Continuous. 
Other "ski" exercisers without flywheels use only frictional resistance. 
Result is stop-start calisthenics-like feeling. 


Nordic Tracks clutch system allows true ski striding motion. Nen. 
Other ski exercisers require less efficient shuffling motion. i y 
Burns Up to 600 Calories per 20 Minute Workout. A * 
For effective weight control. Free Brochure, and New Video! — /1- ase 
= 1-800-328-5888 
N ordicijrack Minnesota 612-448-6987 


©PSI 1986 141PS Jonathan Blvd. North, Chaska, MN 55318 


Your home 


workshop 
can PAY-OFF 
BIG... 2 


Earn Extra Income | ING 
Right At BUSINESS! 
Home. -— 


3-IN-1 
Power Feed 
Power Tool. FACTS TODAY! 


Planer Molder Saw 


Three power tools іп one — 
a real money-maker for you! 


The Planer/Molder/Saw is a versatile 
iece of machinery. It turns out prof- 
itable precision molding, trim, floor- 
ing, furniture... in all po ular pat- 
terns. Rips, lanes, wold ds sepa- 
rately... or all at once. Used by indi- 
vidual home craftsman, cabinet and 
picture dm. shops, lumber yards, 
contractors and carpenters. 
Never before has there been a 
three-way, heavy-duty woodworker 
that does so many jobs for so little 
cost. Saws to width, planes to desired 
thickness, and molds to any choice of 
patterns. Cuts any molding pattern 
seh desire. Provides trouble-free per- 
ormance. And is so simple to operate 
even beginners can use it! 


SEND FOR 
30-Day FREE Trial! excırına каст 
NO OBLIGATION-NO SALESMAN WILL CALL 


RUSH COUPON Foley-Belsaw Ca. 


6301 Equitable Rd., PK 91172 
Kansas City, Mo. 64120 


TODAY! 


Foley-Belsaw Co. 

6301 Equitable Rd. 
Dapt. 91172 

Kansas City, Mo. 64120 


O YES. please send me the FREE Booklet that 
gives me complete facts about your Planer- 
Molder-Saw and full details on how I can qualify 
for a 30-Day Free Trial right in my own shop. 1 
understand there is No Obligation and that No 


į Salesman wili call. d 
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М Send to: 
| ж 
L 


FREE 


CLOCKMAKING 


CATALOG | 


Lowest Wholesale Prices on: 
• Quartz & Mechanical Clock Movements 
* Dials * Hardware * Woodworking Tools 
* Kits * Music Movements & Boxes 
* and Loads of other Clockmaking, Craft 
and Finishing Supplies! 


Yes, send my FREE Klockit Catalog: 


| Name 


Address. 


Dept. PS107 
P. o. Box 542. Lake Geneva, WI 53147 


Geodesic Home 
Kits. 
Beautiful, Efficient, 
Affordable. 


Monterey Domes sells home kits for less than 
many new home dow n payments Completely 
afford ab је. „гету rkably beautiful. our homes are 
designed foi a lifetime of savings 

The most eneray efficient homes on earth...up 
to 50% more than everyday homes. In addition, 
“onstruction costs are cut dramatically using our 
patented building system... (our 1813 sq. ft 


house package is just $15,660!) 

Discover Monterey Domes livinq with our 98 
page Color Cataloq and Plans Book. ORDER 
TODAY for just $7.00. Unconditionally 
Guaranteed or your Money Back! 
шинин шинин ют a a a кик WM юш кк ш 


П Please rush my 98 page copy of Monterey Domes 
Cataloq and Plans Book. Enclosed is $7.00. 


[1 Also please send me the Monterey Domes Basic 
Dome Assembly Manual for an additional $5.00. 


Order by Credit Card. Call 500-634-2255 
(In Calif. 800-847-4663) 


Name 


Address 


City State Zip == 


MONTEREY DOMES 
Depi. AR-10 

1760 Chicago Ave. 
Riverside, Calif. 92517 


TN? KY 
MONTEREY DOMES 


Taking Care 
of Your Car с 


RELEASE BRAKE PEDAL 


Wheel appeal 

Its good practice to apply the brakes 
strongly before hitting a pothole. But 
be sure to release them just prior to 
impact. Braking into the hole sets up 
the wheel-tire assembly for a much 
harder hit against the side of the hole. 
Considerably less damage will occur 
to a rolling wheel. 


CLUTCH 
ASSEMBLY 


Clutch chatter 


Before you remove the clutch from the 
pressure plate during an engine re- 
pair procedure, it's good practice to 
index the plate to its position on the 
flywheel. A small hammer and punch 
are probably the best tools for the job. 
Failure to install the assembly in the 
original balanced position could result 
in annoying clutch chatter. 


TAPES OR 
RECORDS 
for the 
* price of 


‘RANDY TRAVIS 6391 
Always & Forever [аннга | 


XBRYAM ADAMS 53 +] 1 9 
Into The Fira prr" 


# FLEETWOOD MAC 540 4 8 


* THE JUDDS 656038; 
0363 Tango іп The Nighi Главан ass | 


HeartLand ach | 


*BON JOVI 43465 


*HUEYLEWIS 54570 
FORE! сня Е] Slippery When Wel [мЕН йү | 


# PAUL SIMON 7231 1 
Graceland [mak SP 1 


риб, Ronstadt, Harris 1 4 804 
еам BADE. | 


Ж JANET JACKSON 44576 # MOTLEY CRUE 2013 8 
ONTROL Co | 


Girls, Girls, Girls 


# STEVE WINWOOD 53? 
Back In The High Life А нй | 


GEORGE STRAIT 
Ocean Fróni Property 


* MADONNA 
TRUE BLUE 


* WHITESNAKE "ux т 


43811 


+ LIONEL RICHIE 44541 


+ THE CARS 22702 | T 
Dancing Ол The Ceiling Гато] 


GREATEST HITS [ЕБ 


# ПЕВА McENTIRE 


*PETERGABRIEL 14764 
Greatest Hiis 50 [БЕРЕН 


[31 


63769 


Im 


JODY WATLEY 


# HERB ALPERT 53185 


*#ITZHAK PERLMAN 15146 
Keep Your Eye Оп Me E fne 


POISON: Look What 44402 
Mozart Cones, 345 paz rege 


| Тһе Cat Dragged in [contara] 


HANK WILLIAMS, JA. 63517 
HANK * Mem [m SURE | 


МАМ CLIBURN: World's 13500 


Leonard Pennario 
Favorite Piano Music [ксл] 


Gershwin Song Book 


*ROBERT CRAY 53511 
Strang Persuader Гутлаа | 


14765 


| #DAVID BOWIE 74212 
Never Let Ме Down Гаара) 


* AC/DC 20774 
Wha Made Who [aie 


# Pachelbel Canon d 3 87 


*DIANAROSS 40315 fh 
Paillard Chamber Ens. ory 


Red Hol Rhythm & Blues [ace 


*THEPOLICE 73924 * THE MONKEES 5 3 1 à 3 TWIN Double the music 
Every Breath You Take (Hil) Гу] Then & Now (Bes! Of) Cu SETS Count as one! 


XDWIGHTYDAKAM 64146 
Hillbilly Deluxe Гада васе 


THEBESTOF 1443; 3E WHITNEY 54381 


042 


*2Z TOP 64 THEBEST OFTHE 704 07 
AFTERBURNER [siis ems | its) [кт 


DOORS (18 ЫЛ 


Start with 6 tapes or records for only 4° 


plus shipping and handling with Club membership 


Buy just 7 smash hit in one year's time. 
Then get 1 bonus album of your choice. 

BEACH BÜYS: Made Б 4143] eee ——— 

E [peni] Enjoy & albums for the price of one. 


THIS IS THE 22514 
BIG BAND ERA [x] 


— ET | Nothing more to buy. .. EVER! 
ЕРНИ COLLINS 20771] 


C 
Sign * 0" The Times | | mar Terimi Pik 
NO JACKET REQUIRED ii Mail To: RCA Music Service, | 


(A Service of BMG Direct Marketing, Inc.) | 

P.O. Box 91001, Indianapolis, IN 46291 

| enclose 1€. Please accept my trial membership in | 

the Music Service and send me the 6 hits I've indicated 

here under the terms outlined in this ad. | agree to buy 

just 1 more hit at regular Music Service prices in 1 year's 

time—after which | will receive a free bonus tape or record. (А 
shipping & handling charge is added to each shipment.) 


e SEND MY SELECTIONS ON C CASSETTES CO RECORDS 
(check one only) 


| е !ат most interested in the following type of music—but | am always free to 
Exciting “Members-Only” Benefits. choose from every category (check one only): 

Approximately every four weeks, you'll receive MEDLEY, the Club's exclusive | 1 O EASY LISTENING Instrumental/Vocal Moods) 2 O COUNTRY 
music magazine featuring the Main Selection in your favorite music category, | 3 О HARD ROCK 40 POP/SOFT ROCK 5 С) CLASSICAL 


| NAT “KING” COLE [crm] a [Amt 


The Best Of 
FRANK SINATRA 


+ LINDA RONSTADT 54382 | 
For Sentimental Reasons Гата) | 


* ALABAMA 53788 


sk ELVIS: The Memphis 54097 
THE TOUCH = = 


Record ви 


 *AMYGRANT 44643 ELTON JOHN — 3171 
The Collection (G1. Hits) [кы] | GREATEST HITS, Vols. 1 4? (xj 


+ NIGHT RANGER 6 0 6 3 5 


HSE? 639 1B 
# BRUCE HORNSBY Ê BIG LIFE ГО 


he Hange: The Way It d 


+ FOREIGNER 5 3 317 
HECORDS TANTE | 


PETER CETERA 6372 3 
Solitude/Solitaire [vanun maa | 


# KENNY ROGERS 5 0 0 19 
Greatest Hits | 


*VladimrHornwit 62507 


53735 
HOROWITZ IN LONDON [=] 


ET RETE 


# TINA TURNER. 13333 | 
BREAK EVERY RULE [оғ] 


* CHICAGO 18 


+ RANDY TRAVIS ж DIRE STRAITS 14734 


ж GALWAY & MANCINI 5 1 7 : $ 
Storms Of Lite rie Eê | BROTHERS IN ARMS Галас ans | 


IN THE PINK 


MOZART 
AT THE MOVIES 


* BILLY IDOL 


34528 
Whiplash Smile = 


жбАММҮ НАСАА 6 0152 
[нк] 


& VAN HALEN 8E #ALABAMA 20247 |. 
5150 DUM 


GREATEST HITS 1 


* GENESIS 
Invisible Touch 


537410 


START SAVING NOW! 
Get 6 Right Away For Only 1€ 

Yes, pick any 6 tapes or records now for just a penny. You agree to buy only 1 
more hit at regular Club prices (usually $8.98 to $9.98)...and take up to one full 
year to do it. Then you can choose another album free as a bonus. That's 8 
smash hits for the price of one and there's nothing more to buy...ever! 


No Further Obligation Whatsoever! 
It's all up to you! You buy what you want...when you want to. This is one music 
offer that really is different. 


plus hundreds of other hits. You will also receive six special sale issues C) RUSH ME THESE 
crammed with hit tapes and records—some as low as $4.98, $3.98 and even 6 SELECTIONS NOW 
$2.98. In all, you'll have 19 convenient shop-at-home opportunities a year. As a (indicate by number): 
member in good standing, send no money when you order, we'll bill you later. A 
shipping and handling charge is added to each shipment. Ө = M 

rs. 


It's Easy To Get Your Favorite Hits! O Miss Еге Мате ‘Initial LastName (PLEASE PAINT) 
If you want the Main Selection do nothing. It | 
will be sent to you automatically. If you want 
other selections, or none, just indicate your 
preference on the card always provided... 
and mail it back to us by the date specified. 
You'll always have at least 10 days to decide. 
But if you don't, you may return your Main Se- 
lection at our expense for full credit. You may 
cancel your membership whenever you wish 
upon completing your enrollment agreement. 
Or, remain a member and take advantage of 
future money-saving bargains. 


FREE 10-Day No-Risk Offer! 

Listen to your 6 introductory hits for a full 10 
days. If not satisfied, return them with no fur- 
ther obligation. You risk nothing! So don't 
delay. Pick your hits, write their numbers on 
the coupon, and mail today! 

RCA Music Service (A Service of BMG Direct Marketing, Inc.) 
6550 E. 30th St., Indianapolis, IN 46219-1194 


MS 369 TRADEMARKS USED IN THIS ADV'T ARE PROPERTY OF 
VARIOUS TRADEMARK OWNERS. 


Е. 


Address Apt. 
City State 


ee 
mde 6 


Have you bought anything else by mail in O last6 months |] year C] never 


WRITE NUMBER HERE 


Ra YE S! please enroll me, instead, as a member 
in the Compact Disc Club and send me 3 
introductory CDs for only 1¢, plus shipping & handling. | 
may return them, if not satisfied, or keep them and 
agree to buy just two more CDs at regular Club prices 
(usually $14.98 to $15.98) in the next two years. Full 


membership details will follow, with the same 10-day, r 
no-obligation риде. |WKT95| 
CHECK ONE: 1 |_| Classical 2 |_] Pop/Soft Rock 


SPECIAL 3 FOR 1€ 
CD OFFER! 


Now there's a Club for CD 
buyers! Take any three Com- 
pact Discs here (selections 
with a Ж are available on 
Compact Disc) for ONLY 1€. 
See special offer at right. 


| The MUSIC SERVICE reserves the right to request additional information or reject any application. Limited to new 
members; continental U.S.A. only; one membership per family. Local taxes, if any, will be added. 


Computerized 
oil-change reminder 


Like Goldilocks, GM’s new miles-to-change meter constantly checks engine temperature to 
see if it’s too hot or too cold. If it’s not just right, the meter adjusts the oil-change interval to 
reflect the conditions under which the oil is actually working. 


By DAN McCOSH 
Detroit Editor 


new invention from General 
Motors Corp.’s Research Labo- 
ratories may help relieve one of 
the leading causes of automotive anx- 
iety—that nagging feeling that comes 
from neglecting to change your car's 
oil. 

Researchers discovered that most 
motorists were ignoring the oil-change 
intervals listed in the owner's manual 
—no surprise considering the complex- 
ity of the instructions, which list dif- 
ferent intervals for a variety of driving 
conditions. Now GM has developed a 
computerized reminder to tell you how 
far you can safely drive until the next 


A 


ENGINE OIL- 


OIL ТЕНР: 


oil change. The new miles-to-change 
odometer appears on some 1988 Olds- 
mobile models. 

It’s not the first such device—BMW 
already offers a meter consisting of a 
series of lights that extinguish as the 
oil is depleted. But GM researchers 
feel they have discovered a way to 
signal oil condition that’s both sim- 
pler and more accurate than previous 
systems. 

Key to the system is using informa- 
tion generated by the car’s engine- 
control computer to track changes in 
oil temperature. According to re- 
searchers Donald J. Smolenski and 
Shirley E. Schwartz, engine oil dete- 
riorates faster at extreme tempera- 
tures, and lasts longest when the en- 


CHANGE INDICATOR 


100 *F 


NEXT CHANGE: 9708 тї 


OIL LIFE 
(MILES) 
1,000 


0 40 80 
OIL TEMPERATURE (DEGREES C) 
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Effect of temperature on oil life 


120 


Optimum oil life 
occurs at the bot- 
tom of the U- 
shaped tempera- 
ture curve (left). 
Extremes in either 
direction quickly 
break down oil, 
requiring more 
frequent changes 
of it. The new 
GM meter shows 
miles-to-change 
on a readout sim- 
ilar to an odome- 
ter running back- 


ward (above). 


160 200 240 


gine is neither too hot nor too cold. 

Low temperatures increase the 
amount of unburned pollutants in the 
oil, concentrating corrosion byproducts 
in the oil and depleting anti-wear ad- 
ditives. Excessive heat, on the other 
hand, causes chemical changes in the 
oil: There 15 an increase in viscosity 
as volatile components are lost while 
other components oxidize rapidly. So 
the miles-to-change meter keeps track 
of how hot the oil is. 

The instrument takes the engine's 
temperature every 20 revolutions of 
the crankshaft. If the oil 1s too hot or 
too cold, the computer subtracts from 
the optimum oil-change interval, 
which is roughly 20 million revolu- 
tions, or 10,000 miles, in average use. 
As the engine runs, the meter ticks 
down, faster or slower, depending on 
temperature. 

While the effect of extreme temper- 
atures is a long-accepted theory of how 
oil wears out, the GM team found that 
to correlate temperature with wear, it 
needed to develop a precise measure- 
ment of how much degradation had 
actually taken place at a given point 
in time. The trick was to be able to 
tell that the oil was aging before it 
actually failed. Schwartz selected four 
chemical tests that could be dorie on 
test cars’ oil after several cross-country 
runs, and was able to fine-tune the 
meter's predictive powers to within 
about five percent. 

One offshoot of the oil gauge may 
be a new way to weed out clunkers on 
the used-car market. The same record 
of engine service that is used to de- 
termine oil life can give a far more 
accurate picture of how hard a car has 
been driven than any existing odom- 
eter. Used-car dealers might object to 
putting such a tattletale under the 
hood, but it's a feature that could eas- 
ily be added, says Schwartz. 

Meanwhile, with this new gauge,it 
looks as if the days of oil-change 
anxiety are near an end. 


Why Are We Giving Away 
Famous Nationally Advertised 
^ Laser Beam " Watches 


s see 


Ape of a nationwide 
publicity campaign, 
a leading New York firm 
will give away one mil- 
lion (1,000,000) of its 
latest electronic circuit 
watches—the amazing new 
Laser Beam" Watch 
—for the astonishing 
publicity price of only 
$4 to the first one mil- 
lion persons who write 
to the company address 
(below) before Midnight, 
December 25, 1987. 


This original publicity 
ad must accompany 
your request. Copies 
or photostats are not 

acceptable. 


These are the same 
famous Laser Beam 
Watches you've seen 
advertised nationally by us in leading media. 
A totally new development in timekeeping, these 
watches are not "LED", not “LCD”—but the 
the revolutionary new breakthrough called *LCA" 
(Liquid Crystal Analog). These state-of-the-art 
electronic timepieces are among the fastest selling 
quartz watches ever sold by this multi-million 
dollar New York firm. 


The “hands” you see—aren't really there! 


The hour, minute and sweep-second "hands" 
appear electronically in liquid crystal analog read- 
out. It's a fascinating (almost eerie) sensation to 
know that these *magical" hands will keep appear- 
ing and reappearing in a different sector of the 
watch face, faster than the human eye can follow, 
each time—microscopically but significantly 
removed from their previous appearance to indi- 
cate the time elapsed. The precision solid-state 
analog quartz circuitry is so powerful it never needs 
winding and is accurate to within seconds each 
month. 


Classic elegance from 
a master designer 


— The watch face features 
^ elegantly designed Roman 
numerals and is set into a 
handsomely bezeled case 
with an intricately artic- 
ulated flexible bracelet. 
.. | No wonder these are 
"^7 among the fastest selling 
quartz watches ever sold 
by this leading New York 
firm. 

Ihe Laser Beam Watch 
will not be sold at 
this publicity price by 
the company in any store. 
There is a limit of two 
(2) per address at this 
price, but if your request 
is mailed early enough 
(before Dec. 17) you may 
order up to five. Every 
watch is covered by the 


company's full one-year money-back guarantee. 


To order, fill in your choice of watches below. 
Then mail this original publicity ad (no copies or 
photostats) together with your name and address 
and $4 for each watch. Add only $2 shipping for 
each watch. (New York residents add sales tax.) 
Allow up to 6-8 weeks for shipment. Make check 
payable to RBM Ltd. Mailto: RBM, Laser Beam 
Watch, Dept. 191-110, Box 1084, Hicksville, 
New York 11802. (R44490) 


NO CANADIAN ORDERS ACCEPTED. 


WRITE IN HOW MANY OF EACH STYLE: 


(HOW LADIES’ (HOW MEN'S 
MANY) |  Silver-Tone MANY) . — Silver-Tone 
(R44492) (К44491) 
(HOW LADIES’ (HOW MEN'S 
MANY) _ Gold-Tone MANY) | . Gold-Tone 
(R44494) (R44493) 


©1987 RBM Ltd., 1200 Shames Drive, Westbury, N.Y. 11590 


Wordless Workshop 


By ROY DOTY 


Ps 
i 


bg; 


* 
CTI ичүү 
J 


J Up 
w 


x 
ye 
r 


м HAMM 


$50 to B. A. Moss of Bluff City, Tenn., for this idea. Send yours (with 
social Security No.) to Wordless, PoPULAR SciENCE, 380 Madison Ave., 
New York, N.Y. 10017. Only purchased ideas can be acknowledged. 
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Introducing the Vortx™ | 


The Vortx™ is a miniature version of 
The Spiral Wishing Well™ which has 
fascinated millions of le around 
the world since its introduction in 1985 
(see below). Coins are dropped onto 
the ramps and race around the Vortx™ 


on edge, gaining tremendous momen- | 


tum until they are a blur of speed and 
finally disappear into the base which 
holds approximately $40 worth of 
assorted coins. 


Much more than a 
high-tech coin bank! 


Three year-old children love it and the 
trick-spinning maneuvers can challenge 
the skill of the most coordinated athlete 
on earth! By waving the toy in a 
circular motion, the coin is thrust into 
the outer rim where it gains enormous 
speed and remains horizontal to the 
gravitational force—as long as the 
coordination of the player is good 
enough. The more advanced athlete 
сап try to turn the toy upside down 
without allowing the coin to fall out! 
Unlimited challenge is increased by 
adding more coins. 


In addition to the coin tricks, the 
[nd bell-shape of the main body can 

e used as a powera megaphone when 
placed to the mouth or an amazing 
amplifier to the ear g is easily snapped 
together or apart). The base has aero- 
dynamic lift so you can play catch with 
it. Because of the hole in the middle, 
it has even more positive control 
characteristics than most flying discs. 


Made in the U.S.A. Patent #289,218 


| "One of the hottest toys of all time! 
"ift! 


. Makesa 


preat Christmas 


Children who own a Vortx™ can join 
The Vortx Club™., They receive 
an official Mese badge and a 
quarterly newsletter. The goals of the 
club are: 1) To encourage saving 
money, 2) To develop hand/eye coordi- 
nation, and 3) To encourage a quest for 
knowledge of physics and mathematics. 
They can enter a Physics Essay contest 
explaining how the Vortx™ works and 
win junior scholarships in various age 
categories. 


dollars worth of coins 


as a fund raising fee. The 
stores receive all the 
ublic relations as the 
Ost sponsor. As ап 
action oriented demon- 
Strator, the Wells attract 
people who then respond 
aggressively to the bright 
display of Vortx's™ 
beside them. Requests 
for Wells from stores 
across America are passed 
out to our Reps! 


"Spin-A-Thons" are 
being held in schools 
around the world and are a 
popular media event. Stu- 
dents raise pledge money 
as they try to set the city, 
state, national, and world 
record for "The longest 
continuous rolling of a 
coin on edge!" At this 
writing, Rick Schwarz of 
Kettering, Ohio holds the 
world's record at 33 hours 
, and 16 minutes which 
1 has been submitted to 


tossed into them. Reps | 
earn lucrative percentages 


DIVNICK 


ПП 


Guinness for a new category. 
Seeking Reps, Full or Part Time 


In addition to the school programs, the 
toys are easy to Sell in stores on dis- 
lay beside the large demonstrator (see 

elow left). They also become minia- 
ture fund-raisers and/or demonstrators 
on counters beside cash registers, in 
waiting rooms, on restaurant tables, at 
banks, fleamarkets, etc. The possibili- 
ties are limitless. The wholesale cost 
varies from $8.50/ea per dozen down to 
$5.00/ea per 8 dozen. If you are inter- 
ested in becoming an Independent Rep 


| (no franchise fees), call or write for a 


complete 32-page glossy Information 
Portfolio which includes media articles, 
word-for-word marketing strategy, 
documents from the government, how 
to get free local media coverage, etc. 


The Portfolio cost in the U.S. and 
Canada is $10 including first-class 
postage and handling (other countries, 
total $15 for air mail). 


The Vortx™ cost is $14.92/ea plus $2 
shipping. Free shipping on 2 or more 
(U.S. only). Call for wholesale quotes. 


Bonus for U.S./Canada only: You 
may order a Vortx™ toy along with a 
Portfolio for a total of only $21.95, or 
two toys and a Portfolio for a total of 
only $29.90 and we'll pay the 
shipping! 


All amounts are in U.S. Dollars. Add 
6% sales tax in Ohio. Satisfaction 
guaranteed. VISA/MasterCard orders 
call 513-862-4644 Ext.111 (8am to 
5pm Eastern) or send a check (and 
street address) to: 


INTERNATIG®)NAL 
INC. 1011 East Street 


Spring Valley, OH 45370 


See ee ды „іа 


A selection of products and services for PoruLar Science readers avall- 
able direct by mail. Enjoy the fun and convenience of mail ordering 
shopping. Please order directly from the advertiser. For advertising rates 


INTERNATIONAL, INC. 
BROKERS OF 
QUALITY MERCHANDISE WORLDWIDE 


e Dimensions: B's X12 xav 
* Powered by 4 


| FUN NOTICE 
Seiko 

Ufactarer- ol 
decided qo iguidale fnis 


ading man 
watches 


ms This 
State-of-the-Art 
|, §-Function sin 
Seiko Watch them. Ps you al 
Interfaces With | BELOW COST! —. 
‚ Your PC Allowing You to 
Carry Important Information 
Wherever You Go — Right 
At Your Fingertips! 


| high tech model. 
vdd 


FOX State-of-the-Art 


Manufacturer s 


Processing Unit! 
Suggested Retail 


INEC LAP-TOP COMPUTER 


A Powerful Lap-Top PC That Lets You Get The Job Done 
Wherever it’s Convenient. Built-in Word Processing 
Spreadsheet, Filing and Telecommunications — 
Ready Instantly Wherever You Go! 


The Model PC-8401A-LS Features: 


* 64K RAM memory stores data 

* 4 Built-in programs include: WordStar-to-Go, Calc-to-Go, Personal Filer and Telcom 

* Sophisticated Telcom Communications Software allows you to upload & download 
with most IBM & Apple Computers 

* Built in 300 Baud Modem with auto dial function 

* BO column x 16 line LCD Display 

* Interfaces: Standard Parallel, RS232C, Modular phone, CMT 


'C' size batteries, (not included) 
e FULL FACTORY WARRANTY 


Optional peripherals available through NEC include: 
Memory Expansion, Disk Drive, 1200 Baud Modem, AC > Adapter. 


SEIKO „о 
WATCH / PC TERMINAL CAR ALARM 


Ultra Advanced Auto Anti-Theft Alarm system. 
Built-in Completely Computerized Central 


for this section, write Advertising Sales, Poputar Science, 380 Madi- 
son Avenue, New York, N.Y. 10017 


PUBLIC NOTICE 
NEC, one of the world's 
top computer makers, 
recently introduced their 
state-of-the-art Multi- 
Speed Lap-Top com- 
puter. As a result, we can 
offer you this dis- 
continued model at FAR | 
| BELOW COST! 


Manufacturer s 
Suggested Retail 


$995.00  . 


Wt. 5.9 165 


298 


Order No. B-257-100156 
Insured Ship/Hand $11.50 


Heath/Zenith 
ROBOT 


PUBLIC NOTICE 
Fox, industry leader in 
radar detectors and 
CB's, hat decued to 
discontinue its Auto 
Alarm product line. As а 
"iut. we re abe lo gl- 
fer this superior 


Ultra Car Alarm 


PUBLIC NOTICE 


longer makes 


ACTORS | 


Heath т na 


NEW! 
$ FACTORY 2 i ' : 

FAR BELOW COST! id act чю assembled 
mmm ro the iit v sion | 
— бо we bû ught n remain- 
= е | ing inventory & -offer 
P ны them fo you at FAR 

nes | BELOW COST! 

Join the Hi-Tech World 

oro With Hero, Jr.! The Only 


Robot with "Personality! 
Ideal For That Person That 
Has Everything! 


IBM, Commodore 64, | lis ane ae з Manufacturer's gv y Manufacturer's 
| Apple IE & ИС $1 50.00 * Passive Arming-selectable Suggested Retail * Infrared Modular Detector. Suggested Retail 
Models Available и саатан оин грн Ше Minha free Phrases pese ЫЫ 
{ Fy * Entry Delay-zero, B sec- and Rymes гаѕеѕ al Black 
Features: DAMARK PRICE * Exit Delay-rero and 60 sec зт. 95 lack: T&-Tac-Toe; Special $1 078. 85 
| * 5-Functon Quartz Watch nan a "Hat | we Prote chiin Ore asi 
TimaeiCalandar, Data Memo, Schedule $ * Courte Light Monit orng | DAMARK PRICE | PRICE | в Two ÊY recha geable t Байет жз | DAMARK PRICE | PRICE 
Alarm, Weekly Alarm, World Time r * Instant Hood/Trunk/ Cargo Monitoring * TURCIS 85 поте SEITE 
е includes R5232C cable for simple hookup Tamper Detector-selectable sensitivity * Plug-in wall charger 
* 2K RAM memory siores phone numbers * Árming j Ch rp or No Ch гр $ « “Senses” On-board Light Sensor Е 
appoiniment times, key dates—any kind * Mode Annunicator-3 stage LED Ultrasonic sonar, Motion. Sound 
of information you can think of | * Starter Kall or Engne К Kal Speech Synthesizer, Internal Clock 
« Specially formatted menu driven software (IBM Compe derê No B-257-100883 . Headlight Flashar 204 amp bilmir * Approx. Size: 19 Hx14 Walt D 
program—tha! makes data «pul a breeze (Com 54) B 257 3t 89! | + 3 State Alarm Monit LED readoul * Speaks 18 English Phrases, sings 
(included Apple ПЕ} B-25 5 30 Amp Alarm Power-Flashing/fon- songs. plays games, tells nursery 
« 12 distinct data files (Apple HC) B- 257 і 0091 “ае ng Unit Мезе Е "Wis Hx 1-3/8 D Order No. 8-257-100454 rhymes & talks Order Mo. B-257-100925 
* FULL FACTORY WARRANTY insured Ship/Mand $4 » | * FULL FACTORY WARRANTY Insured Ship/Handl.: $6.00 ea * FULL FACTORY WARRANTY Insured Ship/Handl.: $18.75 ea 
A тта шшш EEE See eee eee ШИШ ШЕШ ШЕШШ ШШШ ША. 
кы SIHI | TOTAL PRICE TOTAL SHI 


ш FOR FASTEST SERVICE 


-- (CALL TOLL-FREE _ 
- mm 1-800-533-3379 —— 
NAME 


= ip 


| САВО МО. = 
E CITY STATE EXP DATE 
iw ZIP PHONE( J} SIGNATURE 


ч Ш Send to: 
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О Mastercard OVISA Û е нА Order 


DAMARK INTERNATIONAL, INC., 7714 Brooklyn Boulevard, Minneapolis, MN 55443 Е 
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toras Lo 1]  — | 


In MN 
6% Sales Tax 
TOTAL 
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Ideas for Living Easier and Working Smarter! 


The perfect addition to any tool kit for those who demand the best! 


6 Pc. Professional Plier Set 


These are the same professional quality tools used by electricians, mechanics and plumbers. You can 
now own this set of the six most widely used pliers at a fraction of their original value. Made to professional 
standards by a leading manufacturer specializing in supergrade tools. Made of drop forged high grade 
carbon steel, heat treated, hardened and tempered. Insulated handles, coated with a soft vinyl for a com- 
fortable, soft cushion grip. Set comes in a vinyl carry case. A 


SPECIAL VALUE UON ЙЕ: 
QQ E С 
$70 S E 


10" GROOVE OFFSET PLIERS 
10" SLIP JOINT PLIERS 


8" LINEMAN'S PLIERS 
6" DIAGONAL PLIERS 


8" LONG REACH 
8%” NUSE PLIERS 


exceptionally has large, has coiled spring for working in Seasy-to-set has double set 
strong teeth, sturdy that opens close quarters, jaw positions, of sure-grip 
cutting edge cutting edge cutting jaws cutting edge opens to 112" dia. teeth 


/ c x 
[he Talkin | 
0 | ^ 
Memo Machine , 
a or 
Your recorded message is heard , 22 
automatically, activated by an SS 
7 P d 
electronic sensor. 222 
Here's a unique way to have your message heard. Never write a an 
memo again! Our new electronic message machine will announce 
your pre-recorded message when the electric eye sensor detects S Q 
motion within 10 feet from passing people. And, it's simple to use. Y 
No programming, there are no tapes. Just press a button and say, а) V 
“Туе gone shopping, will be back at 4 o'Clock"..record any message, | 
(up to 30 seconds) into the built-in microphone, on the self contained 
memory chip. Your distinctly recorded message is automatically ONLY 
played on the built-in speaker, sounding as if you were actually $ 
speaking. Wall mountable, made of smooth, indestructable plastic, 
off-white color, 3x2x5V2" Operates on 9V battery (not incl.). Adapter AC Adapter 
for household 110V current available, (only $4.50 additional) assures | only $4.50 
continual operation without concern of worn-out battery. | only s^. 
AT HOME IN THE INTHE — INTHE | FORTHE 
OFFICE RETAIL STORE SHOP PROFESSIONAL 


For fast service, call TOLL FREE 1 (800) 221-5749 
In CT: (203) 877-4417 Monday-Friday, 9-5:30 Eastern Daylight Savings Time 

YOUR SATISFACTION GUARANTEED 

30 day money-back return — One year warranty 


Add shipping and handling charges: orders up to $50 include $2; from 
$50-$100 include $3; from $100-$200 include $4; over $200 postpaid. 


© Dept. PSF1, 84 Research Drive, Milford CT 06460 


| eaglestone 


| Dept. PSF1, 84 Research Drive, Milford, CT 06460 


| Send Soldering Iron(s) $30 ea. 

| Send — add'l. tip(s) @ 8.50 ea. (indicate size) 

| Send Digital Multimeter(s) @ $35 ea. 

| Send. 6pc.Professional Plier Set(s) @ $39.95 ea. 
| Send. Talking Memo Machine(s) @ $49 ea. 

| Send. 110V Adapter(s) for above @ $4.50 ea. 


Ё. 3 J y Р : _ p ~M 


Only ‘30 
7 Inch Butane Powered 
Cordless Soldering Iron 
Makes Soldering Easy! 


* Safe to use, no open flame 

* Averages 60 minutes on one refill from 
ordinary butane cartridge 

• Comes with 2.4mm tip 


Our pocket size soldering iron puts high powered 
soldering where you need it. Perfect for electronics, 
appliance repairs, hobbies like stained glass, model 
railroading...and more. Has adjustable heat output — 
equivalent of 10 to 60 watts. The catalytic tip glows 
orange red and heats in seconds, ready for use. 
Housed in space-age, heat resistant plastic case. 


1.2mm, 3.2mm, 4.8mm 
replacement tips available 
at $8.50 ea. Indicate size 


Temperature 
adjustment control 


Cap contains its own 
handy built-in igniter 


Test Electrical Equipment 
With Our Pocket- Size Digital 
Multimeter f=... 


e Full autoranging 

* Easy-to- read LCD display 
• Measures to 500V AC/DC 
• Measures to 20 megohms 
e 0.7% basic accuracy 


* Audible continuity 
and diode tester 


Only $35 


Carry this simple-to-operate multimeter in your shirt 
pocket for on-the-spot troubleshooting and wiring 
checks. A continuous audible tone indicates continuity, 
eliminating the need of | 

watching the display. 
Quality construction with — | 
high tech features. Self s wg 
contained in a protective s 

vinyl case, complete with 
probes attached. Folds to 
4Vax3xVe" and weighs a 
mere 3 oz. 


| Ада postage and handling charges, see at left 
CT residents, add 712% sales tax. 
Î O Check or М.О. enclosed. Charge O VISA O MasterCard 


| Acct. No Exp 


| Name 
| Address 


| City, State, Zip 
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Nhart's New at ese are 
AMERICAN DESIGN [n EUER, РР 


5%” FULL HT. 115 CFM MUFFIN® 
DISK TYPE | 


е warehouse 60,000 items at 
American Design Components – 
expensive, often hard-to-find com- 
ponents for sale at a fraction of their 
original cost! 

You'll find every part you need — 
| either brand new, or removed from 
equipment (RFE) h in excellent condi- 


Гү 


Double sided, single/double 
density; ВО track. 
Mfr — Panasonic #JU-475 


Item #10005 $119.00 New 
96 ТРІ, DS/Quad Density 


(DOS 3.2 Compatible) 
Tandon TM55- 4 DS/Quad 


from this ad, or visit our retail show- Double sided/double density, Full 
room and find exactly what you height drive. 48 T.P.I., ВО tracks. 
need from the thousands of items on |Mfr — Tandon TM100-2 

| display. Item 47928. $79.00 


OPEN MON. - Sat., 9-5 2for $150.00 


96 TPI, DS/Quad Density 
! — CDC #9409T Item #1904 $79.00 ) 
THERE'S NO RISK. АТАТ. 2 for $150.00 item #5345 $5.95 
With our full 90-day warranty, е 160 СЕМ 
any purchase can be returned for : | 1 2 P | CENTRIFUGAL 


any reason for full credit or refund. 


ADAM COMPUTER 


E TUN i 
115VAC/60Hz.; 21W.: 28A .; 
3100 RPM: 5-blade model; alu- 
minum housing. Can be mounted 
for blowing or exhaust. 

NEW — кет #1864 $12.95 


USED — Howard Ind. 3-15-3455 


40 CFM, ball bearing, .3 amps. 
Dim.: 1" thin x 35%” square 

Mfr — IMC #3610-LB012 

кет 413598. $12.95 


115VAC/BOHz.; 
‚4 amps. Low = 

noise, high pressure/volume fan for 
cooling in tight places. Five plastic 
blades with feathered edges, alu- 
minum housing. Ball bearing, ther- 
mally protected. Permanent split 
Capacitor motor (cap. built in). 
Dim: 6%"H x 5.92"W x 2" deep 
Mfr — Rotron 4MR2B3 


item 6301. $19.95 RFE 
RECHARGEABLE 
LEAD ACID 


Multi position, 30”, Ф 
completely adjustable 

swing arm w/3-way metal C-clamp. 
Has 4" diopter magnifying lens, 


115VAC/60Hz., 2.2 amps., 
| 3000 RPM. Flange mount. 
Outlet: 3" x 3*4"; Inlet: 4 4 " dia. 
|Dim.: 8% "H ХӨ, "W x В". "0 
Mfr — Fasco 50755 or equiv. 
Hem #5152 $10.95 RFE 


Fits standard 5%" spacing. 
Shock mounted. High speed, low | 
power. Mfr — Rodime #RO252F | w/ruler. Porcelain lamp socket, & 


Item #10151 $1 59.00 New [on/off switch; uses up to a GOW 
(Controller Card for above _ |bulb. Color: Beige. UL listed. 
item #10150 $89.00 [нет #13136 $24.95 New 


COLECOVISION to GYROS... 


ADAM Expansion Kit (Military aircraft gyroscopes; provided positional information to auto 
pilots and navigation systems. Can be used for school research proj- 
ا ا‎ a S ااا‎ 


кк йш йаша 
= Ne 5 


No wiring nec. (just plugs together). Hook-up | 
diagram included. Includes: Keyboard, 1 cas- 
sette digital data drive, 2 game controllers, 
power supply, and one cassette. Capable of 
running CP/M, has built-in word processor. 


Item #7410 Complete = 292. 00 


ects, art deco items, paper weights, etc. Original cost in the thousands 
of dollars, previously sold by ADC for over $200.00 — Get them while 
they last! (Shown less case, but case included.) 


[Rate $ ie = 0 


Ae 


Sealed, compact power sources 
designed for long life and durabil- 
ity. Perfect as portable pack for 
use with robotics, model cars, 
trains, etc. Bolt terminals. 

Dim.: 7.12"L x 2.399"H x 8.57"H 
Mfr — Yuasa, type NP15-12 


This expansion module just plugs 

into your ColecoVision. With printer 
power supply and data drive (both 
included), you will have a working 
Adam Computer. Adam keyboard, 
one Smart basic cassette and hook- 
up diagram also included. е И Мах. rate: 1 rad/sec.; Torque 
item #9918 $59.50 li gen.: 1%; Linearity Dev.: 596; 


Gives your Adam fast, reliable data storage & 
retrieval. Can hold up to 160K bytes of infor- 

| mation. Uses industry-standard SS/DD disks. 
Connects directly to your Adam memory con- 


sole. Comes w/disk drive power supply, Disk | ! | Range: 12°/sec. Designed to 10V, 3 phase, 400 cycle; Synch. [item a a eos 

| Manager disk and owner's manual. e 81, FREI Т: iil operate on 115V/400 cycle. speed: 12,000 RPM. — BATTERIES — 
| Mfr — Coleco, model 7817 "Tn М-Н £JRT-XXX М-Н £GG1B8 
| Item 412830 [жеме — $199.00 ИЩ EQUIPMENT — item #6912 $14.95 item #6950 $19.95 i e) Н, 


12”, HIGH RES. 
TTL MONITOR 


COLECOVISION 
GAME 

(Factory returns — 
tested good!) 


[GELL CELL/LEAD ACID 
BATTERIES... 
| RECHARGEABLE — Used for solar 


energy storage, alarm systems, 
remote control boats, robots, etc. 


NEON TRANSFORMER 
(Hi- Voltage) 


May be used for powering neon 
lights, replacing oil burner ignition 
transformer, building Jacob's lad- 
der (spark gap). A high-volt. out- 
put: 14 quick connect terminal & 
case ground input fully enclosed 
metal case. Weight: 12 lbs. 
Base mount: 47 "Н x 5'4"W x 674" 
кет #151 $9.95 nrc 
JOYSTICK 


CONTROLLERS 


Ф Also includes | 12 VDC/110 VAC (wibuilt-in 
© "* power supply, | power supply). Green phosphor. 
instruction | Mtd. in metal housing. 
manual, modulator, | Schematic supplied. 
and one Donkey Kong cartridge. | Mfr — Capetronic #DS-1030; 


Item #7411 $29.95] кет #6811 $19.95 New 
Data Drive — |COLECOVISION MECHANICAL 
Item #6641 $19.95 |Accessories.. . KEYBOARDS... 


Printer Power Supply — [EXPANSION MODULE #2 

Item #6642 $14.95 Play arcade quality driving t rac- i 

ASCI Keyboard завиа Tub cartidoe o яяя, 
8 = Item #13146 -J9 New [git 

Sorters комда ROLLER CONTROLLER | 


Gives full 360° game control. Hi- 

| Р кет #12358 $29.95 speed action of an arcade. Сап Бе 

Auto-Dialer used w/the Adam. Incl. ег cart. 
Address Book — 


Item #13147 $39.95 мем | Е — Timex 1 
Item 412365. $19.95 |suPER ACTION pie e $5 95 ne, 
Adam Cassettes — CONTROLLER SET 75-KEY — Ti i Ada 
(Consisting of Smart Basic, Buck Rogers & [Gives you indiv. control of 4+ on- жү О п 
blank cassette.) Item #7786 


[screen players. Incl. Baseball cart. For computer upgrade. . land our Item #10336 PC8300 
BAKER'S DOZEN — $19.95 [item #13148 $39.95 new Item #7429 $5, 95 New |Computer. Has 4-ft. cord w/plug. 
Controllers — 


[PLUG-IN POWER SUPPLY 66-KEY — Commodore С-16 |Dimen.: 3% "д. x 1%" H. 
(Set of 4) item #7013 $9.95| _ item #1882 $4.95 New | пет 49394. $5.95 New | Item #12143 $5.95 New 


Complete, less top cover plate. Friction 
feed. Takes standard paper 8%” x 11”. 
(Customer returns; tested — operational.) 


|... Mem #8839 $69.50 | 
| ADAM Accessories... 


6V @ 7.5AH 
Dim.: 574"L x 3%"H x 2"D 
Mfr — EPC #0031 

Item #13324 $5.95 
6V (D 2.6AH 
Dim.: BA"Lx 24"H x 1'4"D 
Mfr — EPC 40030 

кет #13326 $3.95 
12V @ 4.5AH 
Dim.: 6"L x 3 Hx 25"D 
Mfr — EPC #0027 

кет #13325 $7.95 
12У @ 2.6АН 
Dim.: 514 "1 x 3%°H х 2%_"D 
Mfr — EPC #0026 

кет #13323 $5.95 
12V @ 1.2AH 
Dim.: З x 2H x 1«"D 
Mfr —EPC 40025 
Item #13327 $3.95 | 


Fits Atari, Apple, Commodore, 


What's New at “The Source™ of the | 
AMERICAN DESIGN COMPONENTS? f we hobbyr 


PC 8300 HOME COMPUTER [MINI WATER/ VACUUM PUMP 
(Advanced version of the Timex 1000) |CHEMICAL PUMP & MOTOR 


COMPRESSOR 


LRL ue ER a ae —=. 


Plastic diaphragm 
| pump, for use in all types of fluid 
systems: soda fountains, etc. 24 
VDC, or with built-in power sup- 
aan | ply. Plugs into апу 115 VAC out- 
let. Inlet dim.: 3/8". Has lighted 
on/off switch, & 6 ft. line cord. 
Mounted on sturdy plastic base. 
OA Dim.: 17"Lx 62"H x 6'&"D | 
| Mfr — Shurflo #1058-818-56 
litem #12283 $29.95 мем 
1/4 HP, 14,000 RPM 


| MOTOR wiSpeed Control 


For use in pumping water/chemi- 
cals, hot/cold. Range: 30 GPM @ 
3O0ft. head; max. head 50 ft. Pump is 
supplied w/ 3 HP motor, 115/230V 
50/60Hz. Thermally protected. 
Inlet: 155,"L x 6" dia. x 5X"H. 
Mfr — SEI #12895-002 

Item #9983 $59.50 мем 

_or 2 for $ 1 00.00 

SKIP-A- — 
DAY 
TIMER 
7-day timer, 
110VAC, 40А 
heavy duty con- TS 
tacts. Turn lights, heat, appliances, 
etc., on or off at preset times daily 
or skip a day.* With 1 on & 1 off 
tripper, & 4 skip-a-day trippers 
(more avail. from factory). Encl. in 


plication. 4 CFM/15 PSI max. 15" 
cont, 28" intermittent. Pump is 
directly coupled to a GE ¥ HP, 
1625 RPM, 115 VAC, 50/60 Hz., 
single phase 3.8A motor. Therm- | 
ally protected. Mtd. on metal basa. 
Dim: 534"W x 14*4"L. 
Mfr-Gast O040-V 119 (oilless) & GE 
Item #5327 $39.95 nrc 


CASTER SETS 


Éroduces 1 up to 33 PSI. PES air 
brush, paint spraying, tire & mat- 
tress inflation. 115VAC, 50/60 
Hz. Capacitor-run motor. 
Dimen.: 454" dia. x 8% " long 
Mfr — Thomas Industries 


item #64 $29.95 nrc 
24-Hr. AUTO- RESET 
INTERVAL 4 


42-key mechanical keyboard (not mem- 
brane). Contains 2K RAM. Reverse video, 
ZBOA, 6.5MHz processor, ROM 8K BASIC. 
Graphics capability/sound- music, TV or 
monitor. Joystick input operates on 115 
VAC. Includes: AC adapter, TV cable, and 
pair of cassette cables. Will run all prere- 
corded tapes for Sinclair Timex 1000-ZXB1. 
Mfr — Power 3000. In orig. boxes. 


Item 410336 $29.95 New 
Accessories... 


115VAC/60 Hz. CW rotation, 
tool & appliance duty. Ideal for 
use in high-speed drills. With 


‚ ЗОО? dial. 


115 VAC, 60 Hz. 


* 16K RAMPACK upgrade speed control, can be used at grey steel box w/spring hasp, & holes | Repeat accuracy +.25%. Start | Set of 4: 2 w/wing brake & 2 
Item #10337 $9.95 New | variable speeds for mixing paints, | for wall mtg. ОА dim.: 4"W x 734"H | button integral w/setting. Knob w/o, & are recommended espec. 
* 32K RAMPACK upgrade etc. Shaft: e” dia. x 1'4"L x 3"D. Mfr – Paragon, #4003-05. | turns on load & starts timer. for use on carpet. БООІЬ. load 

| $19.95 Dim.:2%”" dia. x 3 "L пет #12286 $29.95 New SPDT, silver cadmium contacts cap. ea.; full roller bearing swivel 
tem #12148 à New Mfr — Northland #72110 “E: Timon pool з at 9 am, | tated 15А @ 115VAC. 3-hole mt. Plate dimen: 354," x 4344". 
* COLOR PACK кет #7430 — $12.95 nre | run for 3 hours & shut off —ea. day | Mtg. on 1.687" radius. OJA Ht.: 4316". 

Item #12147 $19.95 new (Speed control included.) | exc. Mon. when you're not at кет #13605 $24.95 New | Swivel radius: 3.18" 


| Mfr - Bassick. Item #8229. 
Set of 4 $24.95 мем 
2%” : 
Dual Дйн 
Wheel 


STEPPING MOTORS | Fig.2 
for ROBOTICS А gee 14" L 


+5,” deen- ^" dia. 


55 RPM SATELLITE 
POSITIONING 


15" COMPOSITE VIDEO 
MONITOR 


Precision Fig. 1 
steppers with 
increments from 
1 to 7.5 degrees. 
Speeds up to 
5,000 steps. 


Shaft 9'4," L 
Stall x 4" dia. 
Item Step Volts Torque 
No. Angle DC oz/in Type Mfr. & Part No. Fig Price 
5431 1 5 17 PM N.A. Phillips 1 $9.95 ea. 
A82310-M2 2/$14.95 | mfr - Bassick. пет #10540. 
5275 1.8 1.8 72 PM Superior Electric 2 $19.95 ea. Set of 4$ 19.95 new 


20 MO61-FF-6201B 2/$37.50 | 
7630 1.8 3.0 200 PM Superior Electric 2 $34.50 ea. MODULES — OPTICS 


vos2rr402 2/$59.50 Missio ee Si Д 


Heavy cap., easy swivel, low ht., 
espec. suitable for bus. machines 
& pianos. 125-140lb load cap. 

| &a.; full bearing swivel. Plate 
dimen.: 2" x 3%" 

Q/A Н: 35". 


Reversible capacitor induction 
motor. 115V/60 Hz, 30 іп. ЛЬ. 
torque. 14W. Front flange mount 
OA Dim.: 34 "Dx 5*L. 

Shaft: "Dx 1"*L. 


| 15”, green phosphor, high resolution (12 
| lines center) and bandwidth from 10Hz to 
| 30Hz + Зав. Operating wolt.: 
120/240VAC, 50/60Hz., 65VA max. 

| Mfr — Motorola – Alpha Series Mfr — Matsushita or equiv. 


Item #10044 $34.95 мем Item #5149 $9.95 RFE 
— MOTORS — TIMERS — PUMPS — 
POWER SUPPLIES — VOLTAGE REGULATORS 


|/nsides of the |COMMODORE/AMIGA [COMPUTER GRADE [SWITCHING POWER [MINI MICRO-COMPUTER.- 
COMMODORE POWER SUPPLY POWER SUPPLY REGULATOR 


COMPUTER 


Serv 


140 VA 


Provides 
voltage tegu- | 
lation and ultra- @ 
isolation for *7 
microprocessor- 
based equipment. Contains less 

than 3% harmonic distortion, better 
than 60 dB traverse noise rejection. 


DC Output: +5V (9 B amps. 115 & 230V, 47-440 Hz. 


+12V @ 1 amp. Input: 90-135V/180-270V Contains dual outlet for CPU & 
-5V @ 250 ma. Output: 5VDC @ 5.5A - li 
Input: 110VAC/60 Hz., + 2096 -5V @ .5 amp. +12VDC @.4A Input: 95 — 130V, 60Hz. 
| | Dim.: 12"L x 34"H x 5X"D +5V @ 3 amp. - 12VDC @ .3A Output: 120V @ 1.17А | 
Commodore VIC 20 CPU board & me- i *12V @ 6 amp. Perforated metal case enclosure. |Dimen.: 11%"L x 4*5"H х 5*5"W | 


Input 115V/80Hz. Dim.: 9'4"W  [Dim.: 9'5"Lx 3^"W x 2"H. Mtd on metal base with rubber ft. 


| cooled. Mfr – Shindenger Electric f 
#1305695X0 x 3%"H. (Rubber ft. incl.) Mfr — General Instrument Mfr — Sola #63-13- 114 
.95 меу | пет #9501 $24.95 New | кет #7983 $14.95 New | item #9999 


AMERICAN DESIGN COMPONENTS, 62 JOSEPH STREET, MOONACHIE, N.J. 07074 MINIMUM 


| chanical keyboard. Guaranteed not to 
work. (For parts only.) 
кет #12144 $14.95 REE | 


COMMODORE 


CARTRIDGES YES! Please send me the following items: C My check or money order is enclosed. rs 
| Item How C] Charge my credit card. - 787 
C-64 No. Many? Description — trice — Тош [] Visa ÛJ Master Card ÛJ Amex : 


Consists of 12 asstd. cartridges. Includes: Card No. 


Exp. Date 


Signature 


Simon Basic, Dragon's Den, & ABC Voice. 


#13573 
Г Set of 12 — $49.95 new 


iC16& +4 

Consists of 9 asstd. cartridges. Includes: 
Script + 2, Calc Plus, Script +, Jack At- 
tack, Pirate Adventures, Atomic Miss, 
Strange Odyssey, Financial Advisor, & 
Logo. 


Item #13572 
Set of 12 — $29.95 New 


Telephone: Area Code Number 


Name | 
Address 
City 


shipping & handling, we ship UPS unless 
otherwise specified. Add $3 plus 10% total. 

= Canadian: $3 plus P.O. cost. Charge only. 
Sales Тах (N.J. residents only, 
please add 696 of total) State Zip 


ORDER TOTAL E Alf inquiries and free catalog requests cal! 201-939-2710. 


For all phone orders, call TOLL-FREE 800- 524- 0809. In New Jersey, 201-939-2710. 


and how to train for it. 


CALL TOLL-FREE 1-800-228-5300/ Рт 


CALL ANYTIME—24 hours а day. 7 days a week No cost. No obligation. No salesman will t 


OR MAIL COUPON TODAY! 
ICs International Correspondence Schools 


leas 


TRUMARK * 
225 YD. RANGE! 
THE ORIGINAL < 


New Handle Holds Ammo * 


Au Р5-1 FOLDING SLINGSHOT WITH WRIST- BRACE 

$15.00 (2) RR-1 REPLACEMENT BANDS & LEATHER POUCH 
ITEMS §A5O 70 ROUNDS 1/2" TRACER BRAND АММО 

HO C.O.D. [FOREIGN ORDERS ADD £3.00 FOR AIRMAIL) 
TRUMARK SLINGSHOTS: P.O. BOX 1517 R, BOULDER, CO. 80306 USA 


MAKE THIS SHADE 
FOR LESS 
THAN $75.00 


` Send $1.00 for our big catalog of 
stained glass supplies. 


WHITTEMORE, Box 2065DE, HANOVER, MASS. 02339 


REMOVES VOCALS FROM RECORDS! 

Now You can sing with the world's best bands! 
The Thompson Vocal Eliminator can remove 
most or virtually all of a lead vocal from a standard 
stereo record and leave most of the background 
untouched! Record with your voice or perform live 
with the backgrounds. Used in Professional Perfor- 
mance yet connects easily to a home component 
stereo system. Mot an equalizer! We can prove it 
works over the phone. Write or call for a Free 
Brochure and Demo Record. 


LT Sound, Dept. PS-3,P.0. Box 338, 
Stone Mountain, GA 30086 (404) 493-1258 
24 HOUR PHONE DEMO LINE: (404) 493-6879 


32 Ways to help you quali 
for the job you want 


Free Facts about Career Diplomas and Degrees | 


Now at home in your spare time, without any previous 
experience, you can train for a money-making career.. E 
even geta Specialized Associate Degree. Call or send lor | 

information on the career field that interests you most 


І SINCE 1881] Оер. РСЗАТ Scranton, РА 18515 
| Send free facts on how | can study at home for the career | have chosen. No obligation. 
ў No salesman will visit. CHECK ONE CAREER ONLY. 
| ASSOCIATE IN SPECIALIZED ASSOCIATE IN SPECIALIZED — CAREER DIPLOMA PROGRAMS 
BUSINESS DEGREE PROGRAMS TECHNOLOGY DEGREE PROGRAMS - S Programming C Art 

i C Business Моподетепі C) Mechanical Engineering C High School Small Business Me 
1 C lee РЕЙ C Civil Engineering Technology 1 э co и D eden 

with option in Marketing С] Elected Engineering uie Mec Г] Gun Repair 
[п — avium) ma Technology [C] Bookkeeping Г] Motorcyle Repair 
| in Finance C] Electronics Technology z Hotel/Restourant Management awe bea 
i CI Air Conditioning & Refrigeration — [ ] Waai Assistant 
i These courses are offered by ICS and North American Correspondence Schools. eee ача 
| [C] Police Science Г] Journalismy/Short Story Writing 
i Name Ag 
| 
| Address Apt. # 
City/State н ЖШ ыссы 
| Phone No. ( ) 


жк d d к PRESENTING A e de dede 


CABLE TV 
EQUIPMENT 


dd к чк STARRING чк чк че dex 
JERROLD, HAMLIN, OAK 
AND OTHER FAMOUS MANUFACTURERS 


* FINEST WARRANTY PROGRAM AVAILABLE 
* LOWEST RETAIL, WHOLESALE PRICES IN US 
* ORDERS SHIPPED FROM STOCK WITHIN 24 HOURS 


FOR FREE CATALOG ONLY 1-800-345-8927 
FOR ALL INFORMATION 1-818-716-5914 


PACIFIC CABLE CO. INC. 
7325\› RESEDA BUVO.. DEPT 1412 
FESEDA, CA 91335 


FREE 12 Page Catalog 


for Lovers of 


You could shop 

for months 

and never find 27 

the hundreds of | 

decorative nautical 

ideas illustrated in 

Preston's new catalog: 

112 pages teeming with 

ship models, marine paint- 

ings, nautical lamps and clocks, ships' 
wheels, figureheads and scores of other 

nautical i ideas for the Home. 


‘PRESTON S 


96-А Main Street Wharf, Greenport, NY 11944 


| [800 Slaters Lane 


CREDIT APPLICATION 
TURNED DOWN? 


Try again FREE for a VISA or MasterCard directly 
from our federally-insured bank. Enjoy $500 to 
55,000 credit with a secured deposit account — 
and there are no fees! : 


e No Annual Fees 


e No Agent Fees 


e No Other Fees! | 
For your application call today 


1-800-368-8500 

Or write now to 

Key Federal Savings Bank 

Box 6056AC /PS, Newark, DE 19714 


The World's Largest Mfgr. of 
Quality Portable Bandsaw Mills 
Now with Hydraulic Log Handling 
• One Man Remotely Loads, Turns, Clamps 


* Capacities up to 32" Dia. 
X 33' Long 


e Sale- Precise- Efficient 
* More Lumber per Log 


FIVE MODELS 
AVAILABLE 


met 


BUY DIRECT—3 FACTORY SALES LOCATIONS. For gurl 
44-Page Catalog, Send $1 O0 10: Wood-Mizer^, Dept. E 
B180 W. 10th Street, Indianapolis, IM 46214 or Call | 317) 271-1542 


SMALL ENGINES 


Troy-bilt Tiller, Generators 
& More 


FREE CATALOG 4 
DISCOUNT PRICES 


SMALL ENGINE cmY 


2612 упай So. Оер 
Minneapolis, MN 55406 olz bZ- Aid 


What Is He Doing? 4 
S ы 


He's making a concrete flower zd 


pot... and so can YOU! a y 
i 


Make and sell your own 

ornamental concrete items. A 
Order your book with over wwe 
425 aluminum molds, prices : 
and production trade secrets 
from world’s largest mold 
manufacturer. 


Only $700 


HISTORIC a MODEL GUNS.. 
Û Sate! Full size. Zinc al ‚ Realistic. - 

Over 30 parts. Сап mber or fi 

real ammo. асна. FREE Catalog. 

COLLECTOR'S ARMOURY Credi 


rite 
638-2000 


MROGNRTRRC" 


= rik, ч иш иш иш иш иш ип иш иш иш ш иш ин ин ий ий д, 
17. Assemble this unique * 
: ‘tractor kit, Thousands 8 

«5 used for gardening, land- - 
: scaping, excavating. 
+ Catalog of kit construction & uses - $1.00g 
Plans to “Build-it-yourself" - $7.00 I 
STRUCK KIT i 
aa CEDARBURG, NI 3012 4 


140 | POPULAR SCIENCE 


Я ! 


| HARD-TO-FIND, UNIQUE PRODUCTS for HOBBYISTS, GADGETEERS and STUDENTS 


from America’s Largest Mail-Order Market Place of Unusual Values in Telescopes, Binoculars, Magnifiers, Microscopes. 


Mona. Kits, Lab Equipment. Toys. Military Surplus, Fiber Optics, Lasers, Solar, Photo and Weather Instruments. 


0 ш" 


| Build A Working Replica Of The Y» | 
| Steam Engine Popular In The 1600's. У 
| Steam engines, the workhorse of the 
| 18th century, powered machinery, farm 
| equipment, the Stanley Steamer and 
| trains that crossed the country. The 
simplest was the single stroke piston 
engine — power occurring when the 
piston moved in one direction. Kit has 
everything needed to recreate à work- 
ing replica — from crank shafts. cylinder, 
dede bower parts, nuts, bolts, gaskets, 


+ -Stars That Glow | In The Dark Turn Your 
Bedroom Ceiling Into The Night Sky. 


RON Assortment of 250 lumi- 
2. nous stars that glow in the 
| dark on ceiling or wall. L us 
up a child's room with the beauty of glowing stars and have! 
with astronomy. Easy to apply decals glow alter exposure t | 
| ght. Gomes with star chart and instructions to recreate the | etc. including fully illus. instructions. 
$3.95 V12.202 $59.95 


Big Dipper, Milky Way and the heavens. С MEET 
|, ке ByThe Bag For Hobbyists, Modelmakers. | xi nalis ud. 
| C^ 737 Quriqexpentie Cem | Super Snooper" Electronic А 

ac fig жй ка Sounds From Over 40 Feet MA Aw 


y T us 


, 
A e 
1s T С ee 


oy ш А 
Г, "- uas na 


= 


= س — — — 


E weh WE Kids will have fun wath the Super 
| wheels P [у= | Snooper electronic toy that gives 
propel т fo | Superhuman hearing, indoors 
Unlimited 2.” | and out. They'll be able to listen 
applicalions eS" | to binds and animals before they 


can be heard. Just point the disc 
and pull the trigger. Sounds are 
picked up from over 40 feet in the 


FUE 


Have fun by adding mo- 
поп іо your science tair =f 
| projects, demonstra- 
lions and experiments 
with this special buy of = je. 
20, i" motors with Ye" — "scs 
long shafts and 2 wire - 775 SEL уе 
leads. 20, T motors V1304 59. 95 ai M die o 


padded, adjustable head- 
phones. Black and silver. 
Powered by a SV battery | 


юе. 1. 36 604 $13.95 


Great AM Radio Reception With Select ATenna, | 12 Foot Light Show Of Multi-Colore Light Show Of Multi-Colored Bulbs Ф... 
Listen To Station N.Y. When In Boston. | Makes Unique Window Display Or Decoration. g 
This new antenna will bring in those weak, distant, | Weatherproof Light Ropes create moods, |, „ E M 
AM radio signals loud and clear. prah attention for anes eg an rate : 
58 arg ane-or«a-*«m BEOOraticds 
UM A NI nw on all AM stations. Суваг plastic 54” flexible tube encases 44 tiny, 


| brightly colored bulbs in 12 ft. long Light — 45. 
Ropes. Can be used indoors and out. Male =a 


into a powerful receiver. Used in [- 
| and female connectors at each end allow you Д Е 


| Alaska to pullin stations from con- 


tinental U.S. Employs mutually in- 
Е | to mix and match color strands. Lights inthe 3 
LN coupling. Mini-jàck and | торе will move LE stationary pattern 
xd ör “chase each other at a vàr- L 
p dia. V72,M7 $39.95 able speed you select. A transformer is ` 
SS = —————“Ш — | required to operate lights 
: $19.95 Ea., 


| Clear V36 656; Blue V38, 657. Green V36 658: Red V36.6 $53: 
| Amber/Capper W36, 660; Multi Color V35,273 


Fly In The Sky When 
Exposed To Sunlight. 
These 102 ft, m 


Yo 4x5” VAO, 046 $7.00 


| faster and faster illustrating the basic priri- 
, ciple of solar heating. When light strikes the 
ı vanes i transfers heat, and the vanes begin 


T tificial light. An attractive “conversation 
| piece" Rag. $655 V60,082 $4.95 


^w. tell you how high you are. Shows eleva- 
' J| ton from sea level ta 15,000 feet. Can be. VE 
^ mounted to dashboard with self sticking Ve 
tape (incl.) or has pre-drilled screw holes. Also has built-in | с=з 
V34,544 $22.95 | 1 — 


mylar solar shut- | Light Controller for forward, reverse and speed control. | 


i7 — tle dirigibles will Hy over ho | TV/60H7 input. Speed selector switch will handle up to | 
ү WAS m reas when exposed to te | 8 Light Ropes V35,280 $24.95 

Sun. Weighs only 2 n.nawu n —  ÀM | i. (Am ы а | 

e ЧИ Diigibles үз5,889 5890 . .. | Build Your Own Ideal HO Scale | 
Елла AT SE De EE Nuclear Power тт Background 
Aquarium Sea Magic That Does Plant Model Structure. 


Not Take Up An Ocean Of Space. 


Mini aquarium is a beautifully fashioned accent 
piece for home or office. Pump and airhose are 
Cleverly concealed in the б^ square walnut fin- 
ished base. Aquarium is 13" tall. Unbreakable 
circular acrylic tank. Includes 110% air pump, 
жЕр! gravel акин 2 Ali s need to 

d are the fish, 971319.95 


Ғаз 212 BD LH. 


E. 8 Fishing With This Mighty Magnet. 


hz. Liftup to 200 tbs. Fun to use around docks 
we, and bridges. A ‘must for a boat. it helps 
^ | retrieve metal objects that fall р 
BE You'll be amared at what you pull up. WT. 
d zibs., measures 433403 a" Made witha | 
Bi! Pohy-Vinyl Chloride coating to resist cor- 


\ ju | 


ae ы, | 
I шь 


| has 79 parts molded in colors. Includes containment building, 
cooling tower and generator station on a 14 x 16" base. Stack 
is 444" high. For ages 12 and aver. V38,718 $12.85 


| Dur Unique Calculator Is Really Different! 


| ifs See-Thru, zen Clear, Solar-Powered. 


a The latest technology in 
electronics brings you 


m rosion and chipping. V71.135 526.95 | | this шйга-ЇМїп (3/157) cal- 

e oed dem - x | | Culdlor powered Dy an 
*- Worlds Smallest Fluorescent | | amorphous silicon solar 
Blacklight Fits In Shirt Pocket. | celi mini panel. Compact, 

| Ihe size pf a credit card. 


à. This mini blacklight will detect check forgeries by — | 
illuminating bleaches — shows where fluorescent — 
inks are used in art forgeries—idealforrockand .- 
mineral collectors — perfect for night hunters of : ~ 
bugs and butterflies. 2*4 x За x 7; weighs опу — ў 
yen Requires 4 "AA" batteries (not incl). <= | Miniature Water Pump For Photo Da air. 
watts.  V35485$2995 — ! Science Fairs, Water depart. 
Asironaut's Protective Sunglasses Developed E == sl г 
By NASA Scientists. # y ү = 


In their search for eye „б es 
protection for astro- d 


[Features В gil capacity 
and fil mathematic func 


i An fons. ЕССЕ. percent, square root keys 
| С | & > _andindependent memory — V38,87B $9.95 


| This tiny pump can pump а 
— ‚ип per minuta wath a 12^ 
regh flow Ideal for tempera: 
ture contrat атый cireglation 
of darkroom chemicals, tabla fountains, model waterfalis water 
| filtration and more. Can be used in either direction and is self 


À fuil ШТ ог and ii тү d, similar to a пайга! | priming. Operates on 2 flashlight batteries (nat incl), runs up 


| ta АВ how fore t change is required. 4" t incl 
chemical found in eagles eyes. Amateur astronomers are 10:48 hours balore battery change is required. 4" tube inc- 
experimenting wath the new glasses to improve night-time | Build Your Own 2000° Solar Furnace With This 


eye: Sensitivity. The glasses are not for ordinary night: = hime 
wear, you will not see the color blue while wearing them | Fresnel Lens Ani iapa The Suns Rays! 
Г be M You'll be able to use thas pre- 


Mounted in lightweight brass-tone frames, the 

lenses are coated with scratch-resistant CR-39. Visual ہے‎ CISION lens as a Solar Cooker 

impression is an orange-brown tint gradient, Padded pro- | = for heating food, as a кіп for 

lective case. Full Frame Sunglasses 36,687 $44.95 xr pottery —and even to melt 
ү PTTTVM Metal of for other solar ex- 


Clip-On/Flip-U, 36,688 $35.95 | 
a rove + periments. Lens has an Ви", S0 nes | 


rmomete ner inch, measures ИЛА АШ" Tu" 
= и ЦУ Suns | Unmounted lens comes with 16 page 


book, "Fun With Fresnel Lens: Instrucbons 
| Memory For Day's High AND Low! included on how to build the 360° stand 
| Now, you'll know at a glance, 


and frame shown. V70,533 $15.95 
ДРИ with large, easy-to-read LED 


WIE readout numbers, both the 
MI outside and inside tempera- 
DUE ture readings. This unique | 


ПЕ, 


Forthe hobbyist with imagina- 
pio tion there are many uses; with 


thermometer also records the | 


high and low readings for any | NY — displays, demonstrations, etc. 
parod or day you select. PUN | к Micro size motors were anp 
| C^ selectable. Readings from nally designed to advance | 
| PAD? F to 122^ F. егп | film in disc cameras. Measures only 7% L x "A W x ^H 


| WRA ie dia. x Sg long shaft. At 3 volts 200ma, the "а 
do 7500 pms, Solar cell ta run motor, 131,276 
Pkg. 25 36 341 $18.75 Pkg. 100 Vs M2 $5 


styling case, Pavan” Easy to mount on any wall. Uses 2 "A 
bifteiMs (not incl.), comes complete with 10" ou Koni poe | | 
sensor cord. V38,038 $39.95 | 


| Бей on Three Mile island, this detailed 160 “№” scale kit | 


К 50,345 ls a 


pme 2 Mirror For Fun At Home Or Where 
m 7 j Surveillance Is Required. | 
Cmn Ww This is the same One- 
1 = A 0 Way Mirror as seen on 
^. TW in police station in- 
. j lerrogation rooms. The 
4 4 person looking into the 
A | One-Way Mirror sees 
dg ; Only his own reflection. 
DH But, from the opposite 


Foul * — | бап see eve 


; > MOWE- 
ment “se | reflect on, 48985 transmission, 


thick. 
SET Чай, 047 $10.50 


Radiometer...A Space Age Sphere $- 
Its Tascinating to watch the delicate vanes 
within this 5" pracision-made sphere spin 


to move. Works from direct Sunlight or är- 


| Here's An Em Radio/Flashlight 


| That erer Needs Batteries Or House Current. 
When power failure strikes, and your 
batteries go dead, Dynamo Radios 
Flashlight comes to the rescue, A 
t unique, self-contained hand-crank 
y .. Denerator provides sufficient power 

| (e. for hours of important AM/FM radio 

=" ‚ ДЕ. emergency information and a power- 
à | Mer ful Bright light from its flashlight. A 
andy ta m ал ath abad Reg. түсү) at sporting events, 
де п! b ҮР Vas. «sas r^ 


= ل‎ ee ee 


This Clever Gadget Will 
Tell You How High You Are. 


Whether you're driving cross country or 
hiking in the mountains, this Altimeter will 


Reg. $29.95 


The Chandler Gyroscope — 
A Classic Favorite For 75 Years. 
Demonstrates “gyroscopic inertia" or rigedity 


barometer. With case 


ZAVA) in space as first recorded by Isaac Newton. | 
Saf Anobjec! rotating about a fixed axis creates | 


a condition in which the axis holds its 
position with respect to inertial space, no 


balanca-fitted all by hand. Complete with 
instructions and pedestal. V37,265 


| Hluminating 30X Magnitier-Microscope 


| Far Examining Stamps, Coins, etc. 


, times actual size. Features а center locus 


| The Pulse Tach fingertip heart computer accu- 


an ounce and can be won dur: j |y и ni MI 
| ing most exercises. An LCD ; iL 3 A 
| display shows your pulse, ап -—i -47 7 | 
| audio Deeper lets you listen to your heartbeat rhythm. its ‘also 


| 


| Sameth 


Dur new design improves this popular 7 
model Carry it with you everywhere, 

measures only вх 138x347 Ideal for crit- / 
ical inspections. Has à built-in ightsource hn 
and optics to let you examine objects 30 |V 


wheel for precise one-hand operation T E 
ideal for industrial inspections and hobby 1 Г. 
applications. Uses 2 "AN gee tar (not Мм zh ار‎ 
incl.) V35,001 $8.95 SPE ч 
100 Piece Peg Board Hardware Bonanza. 
SPECIAL 
PURCHASE! 
Brand new indus- 
* trial peg board 
hardware ata very 


special savings. Our bargain pack con- 
tains 95 77 hooks and 5 six-place “screw: 


95 driver” racks. Organize your workshop, | ul 
pieces; lab, school room or office ata fraction of | Суу. 
the usual cost V36,835 $7.95 |= 
| Fin rtip Pulse Monitor Tracks i 
| Ca iac Fitness. It Calculates, 
| Measures And Displays Your Pulsa. 


rately records what your pulse is doing to in- [ 
sure that you get maximum benefit from exer- 1 
cise without damage from over-exer mme 
tion. its actually a oa that ¢ — 
fits on your finger, Weighs only —— — ae M T 


Ий. илы OM | 


a quartz one hour stopwatch so you can even time your exer- 
cise program. Comes complete with long-life batteries, 
| necklace amar and instructians. 33,548 $39.95 


SEND FOR 


| PEE 


| 80 PAGE 
CATALOG 


Thousands of exclusive, unique and exciting values. 
educational, fascinating and useful tor 


every hobbyist, gadgeleer, student and educator. 


side, the observer is 
completely hidden and 


10x21" V32, 556 = 75 | 


matter how the spinning objects support | 
is moved about. Machined, painted and | 


| Helps promote a cleaner епмь ue jen 


1 in your home, No more bulky | 


| to mount. Light tan. 


| Qur Amazing Happy Bird 


Never Stops ^7. 
Т! ffe 


= | 
| Fascinating to watch у j 


| ûf water to begin hoppy Siris 
| | sobbing motion, Then e bird 


| nto the water for a drink. 


No Risk Guarantee! If you are not completely satisfied with your purchase, return the merchandise 
in its original package and we will cheertully refund your money in full, We back our products! 
Our 30 day un tional guarantee means you take na risk on any product you buy from us. 


Edmund Scientific Co. 


Dept. 2102, V10, Edscorp Bldg., Barrington, NJ 08007 


Par Phone : 

LAE“ For Phone Orders, Call 
1 (609) 573-6250 
LJ] for friendly special treatment 


Use VISA, MasterCard, Diners Club, American Express 
or Carte Bianche. Call anytime, 24 hours a day. 
MOST ORDERS SHIPPED WITHIN 48 HOURS 


Edmund's Famous | 65 Piece Lab Set Assortment — Special Buy! 
Jumping $335» | A super bargain every 
Quarlers // chemist can use in the 

3 lab and at home. Its 
Leap | surplus, but brand 
Feet into new. Giant assortment 
The Airt includes test tubes, 


vials, Measuri 
bottles with caps, flasks, beakers, pipettes, squeeze thes 
and more. Assorted sizes and quantities. 35,474 $34.95 


Amazing 8x20" Spy Scope, Fits In The Paim Of 


Full of fun and surprises. 
Simply click the jump- 
ing disc between your 
fingers. rub for a second. 
lav it on any 


smooth sur. 898 Tw, | Your Hand! анты World 8 Times Closer. 
| face. and T di ^ Perfect for hunters, bird- 
POP! !t leaps a watchers, racing and sports 
| inp The air, 3 | fans. Youll newer miss out 
| feat high. Friends i оп that rare bird-sighting.... 
ees re, | CRT 
SSeS UMRETI Wi 
| them. ia" does ыт ` mere oct" weighs 
| A work? The nickel and only 2 ounces. Precision in- 
saas steel ases as File Wonks үзөлү 
| wark on the сірге o contro 
| sida od da eat r n gives bright, sharp i images and i5 fully sealed to resist dust and 


(rubbing the discs) makes metal | morsture, Neck strap and case included. V1568 $29.95 
| Expand, a cod surface makesit| —— 


Snare Shi Thisn new high-tech marvel i tempera- 
Hin ee | м | ture in your home and outside, too. Can 

as ё NT be wall mounted — just extend the 5 ft. wire 
Into The Air. CR WES | sensor out the window and close the win- 


dow. Operates on one 9V battery (not 
incl). Gives readings from —40°F to 
199°F, measures 2x 3x2!4" 

Heg. $24.95 34,005 534.95 


Using air and water as _ 
fuel, the Apollo space 
shuttle and booster 
rocket blast off ta- 
gether, and at fhaht's 
peak, shuttle sepa- 
rates from rocket and 

'anned recovery tap- + 
sul & parachutes back 
{с Earth. Virtually in- | 
destruetihie, made ol Í 
Butyrate p astig 


Realistic Replica Set Of 
8 North American «innen 


ni 


jentscated and crafted 
| by the curators of the Royal Ontara Museum. Mads to scale 
in fine détail. All are moked in black and can be painted to 
increase realism. Set of 8 includes: Diplodocus 9° Lambeo- 
| saurus 649" Pteranodon 47 Albertosaurus 5° Parasau 

| & Chasmosaurus 4° Stenapterygius 5" and Stegosaurus 47 


Fun And | ig! You'll For Hours 

With These 10 | Magnetic Magic Marbles. 
| Build a mountain or odd geometric pal- 
terns with these fascinating, high impact 


These гар lig as have bean саг Куа 


E plastic marbles. Each marble has both a 
ЩЕ ў ‘i Mu" і negative and positive pole. A challenge to 
d nS 10 OMY | your imagination. Fun for youngsters. " 
d One Inch! | adults. too! 20 marbles per package. 
| YH UES (Package oC 53.08 
|| V35,854 (Package of 100) $14.95 


a ee 0 moo 


` Multi-Image Fresnel Magnifier 
n |, Repeats 25 Images At A Glance! 
um n P Dual purpose Fresnel contains two tools on 
А al BE A | one large 4x7" sheet of pliable Smm thick 
T E pe [ y | acrylic, A 2X magnifier палаз 

pi НЕ kz "I-A. Weld lets you examine fine detail. Loo! 
| Simple to use, just puil the lever. | Fay: й моцу ти image бачы fresnel ап d 
gs: see 25 repeat images of one scene. Mini 
ronment ard condenses trash: xs d ATA rame measures 1¥4" sq. V35,258 $5.95 


Easy- To-Read, Giant Thermometer With 12" Dial 
Registers Both High And Low ете 
This big thermometer has large, bald 
numerals to read the minimum and  , 
| maximum temperature of the day and is ў 
constructed of ie AB quality steel and | 
aluminum. Ideal for checking atmospheric 
variations and heat loss/gain. PL. 
Vie 457 519.95 


= Now You Can Enjoy Seeing Your old Home 
› мш (gy, Movies And Slides On Television. 


| 5. All steel model | 
measures 14 en4o0do" Easy 


= 


| duck the bird's head into a 
Its easy and inexpensive f ju fo convert your home movies and 
sides to vide ‚ Just place your movie camera or säde pro- 

jector and focus the image onto the mini-screen of the Tele-Cine 
converter. Aim your video camera into the lens, focus and start 
V60,778 $3.85 | recording. 62x5'2x5" Screen is 303° V33, 528 $59.95 


| Edmund Scientific Co. 
Dept. 2102, V10, Edscorp Bldg. 
Barrington, NJ 08007 


METHOD OF PAYMENT: 
.] Check enclosed 1 WISA 
1 MasterCard C] Diners Club 
L] American Express U] Carte Blanche 


| takes over, continuously dipping 


PRICE 


Exp. Date 


Card Number 


a ee i ee ee ee REI Total Price 
Bank Number (MasterCard only) 


In Му Add 6% Salas Tax 


И Ы 
RUSH FREE 80 PAGE рамаро woe Ra nn 
| FULL COLOR CATALOG = 
| Маги 
| 
i Add ress. 
| 
| City State Zip = 


Da- Serving Science Hobbyists Since 1942 = = = = = = -l 


ORD 


Was . 
^*^ TURBOCHARGE 


6.9 
YOUR 
DIESEL 
IN YOUR 


USE OUR COMPONENT PARTS & 
INSTALLATION INFORMATION TO 
TURBOCHARGE YOUR DIESEL. BASIC 
COMPONENT PACKAGES FROM 


$950.00 


Work part time, full time — | money making 
right at home — we help a 


iness! 
you every step of the way. business 


No doubt about it... as a small engine pro, you can cash 
in on the huge demand for qualified men in one of Amer- 
іса ѕ fastest growing industries. You'll be able to command 
top hourly rates of from $25.00 to $30.00 per hour — and 
thats just for labor. A simple tune-up earns as much as 


| $49.95 for less than an hours work, and parts, engines 


and accessories will add even more to the profits. 
Plenty of business waiting for qualified men. 
65,000,000 Small Engines Are In Use Today! 


| That's the official count from the Engine Service Assn., 


and one-million new engines are being built each month. | 


| ^ "i 
лег £ 


rt 1 1 Г i 
The new Lindal Planbook is all vou need to 
= РЕР гч F 5 a i ч 1 
make vour custom home a cut above In ever detail 
$e pte Я У 
V pages ог color photographs, custom plan: 
design ups and planning grids, all for just SIO.OO. Write 
or call toll free and use MasterCard or VISA 


1-800-426-0536 


4A Lindal Cedar Homes 


Р.О. Box 24426, Depr CDOT Seattle, WA 98124 (206) 725-09 


SPECIAL | $35.00 


(Some Connecting Ports Must Be Fabricated.) With fully accredited Foley-Belsaw training. you can soon This Ad O | 
CATALOG AVAILABLE, SEND 53.00 ТО: nave the skills and knowledge to make top money ser- j "y $ 1 3 00 
| vicing these engines. People will seek you out and pay | | ITEM 16-953 Includes Shippi 
. ng 


you well to service their lawnmowers. tillers. edgers. | 


TURBO CITY INC. 


1201 W. Katella 
P.O. Box 601O * Orange, CA 92667 


(714) 639-4933 


Not legal for sale or use on any pollution-controlled 
motor vehicle in California 


SWISS INTERNATIONAL 


[GOLD & PRECIOUS METALS 
MERCHANTS* 


TURN YOUR SCRAP (68180) INTO CASH! 


WE BUY 


Unwanted 
estate 
or damaged 

jewelry 


Dental gold 


Platinum 


“№ 


a, 


м 
Xo 


TERMS OF PURCHASE 
B Payment in U.S. funds. 
W Transactions strictly confidential. 
п Record of transaction will be enclosed 
with your check, noting: 
- Unopened parcel weight. 
- Weight of net contents. 
- Value of gold determined by New York 
Gold Market, upon receipt of assay. 
- Details of assay. 
W All metal received is melted down and 
considered scrap. 
ш Allow 14 days for precious gems to be 
appraised by our gemologist. 
Purchaser becomes owner of goods shipped on 
receipt thereof at prices and terms outlined above. 


Print in block letters & include in your parcel 

your name and full mailing address. Send to: 
(In U.S.A.) (In Canada) 
S.I.G. & P.M.M.-PS 5.1.6, & P.M.M.-PS 
421 Center Street 301 Sheppard Ave. W. | 
Lewiston, New York Willowdale, Ontario 
14092 U.S.A. M2N 1N4 Canada 
‘Registered Trade Name _ SG. F.M.M. LTD. 


4 Palladium 


Silver, etc. 
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i that No Salesman will call on me { 
g NAME i 
: ADDRESS 
CITY | 

4 


power rakes. garden tractors. chain saws, minibikes. 
snowmobiles. generators. go-carts. paint sprayers, 
snowblowers the list is almost endless 


Professional Tools Equipment, PLUS 4 H.P. Engine 
ALL YOURS TO KEEP... All at No Extra Cost. 
NO EXPERIENCE NECESSARY! 


You dont need to be a ‘born mechanic’ or have any prior | 


experience. You can master this profitable trade right at home 
In your Sparetime. Lessons are fully illustrated...so clear you 
Cant до wrong, and with our famous ‘learn-by-doing’ method 
you get practical "hands-on experience. We also show you 
how to get business, what to charge, where to get supplies 
wholesale...all the inside tricks of the trade you need to 
assure Success right from the start 


Send for FREE Facts — Do It TODAY! 
NO Obligation - NO Salesman Calls! 
You risk nothing bv accepting Uus oller to see how 
easily vou can learn the skills vou need t0 increase 
our income in à hieh-profit business of your own 


Just fill in and mail coupon below (or send postcard 
with name and address) to receive full information 


by return mail. 


RUSH COUPON TODAY FREE 


€ ae insiste BOOKLET! 
1 Equitable Rd. 
Dept. 51273 - ا‎ 


p "= "= = ка m ка кш эш иш ти шшш 
g FOLEY-BELSAW INSTITUTE 

6301 Equitable Rd., Dept. 51273 
і Kansas City, Мо. 64120 


Kansas City, Mo. 64120 
" 


| 


L] YES, please send те the FREE booklet that gives I 
} full details about starting my own business in Small M 
Ш Engine Repair. | understand there is No Obligation and ii 


* 115 volt, 60 cycle with low current demand. 
150 CFM. Size 10” x 8442”. 

CALL 800-228-3407 
Burden’s Surplus Center 
1015 West “О” * P.O. Вох 82209-PS • Lincoln, NE 68501-2209 
Ask For Free Catalog! 


5 ler 
CODIET „ы. 


BI Twin tool trays and seat adjust 
to 14 convenient positions 
for any job, high or low. 


| E Detachable back rest. 


Ш 14 ga. steel throughout. 
Ш Easy-roll nylon casters. 


| All parts store in 


bottom tray. 
Send check or money 
order for $5995 to 
BAINBRIDGE, INC. 
PO. BOX 52 
Marcellus, MI 49067 


[X-RAY GLASSES ONLY $2.00} - 


Bmiy* wore! With frappe „Пу Spears 
why AGD titiy pee Trough jipan gest 


foe 
fy f а 
1 j FÀ 'unnmy tekê and ИТТЕР riusinng fo periorm der your | 


Р.О. BOX 70, Stbg., PA 18360 


аи ж ы — == Ee ee ee ктк ee ee ee 


Buy sporting goods 
at wholesale! 


23,000+ items, including guns, ammo, reloading 
supplies, fishing gear, hunting eqpt, campin 
supplies and тоге... all at 15% over cost. FREE 
info! Write Sports America, Inc. Dept. 108, P.O. 
Box 1415, Highland Park IL 60035 


FOR SPEEDIER DELIVERY 
PLEASE USE YOUR 
ZIP CODE 


т 


32,000 Ibs. of 
Splitting Force а 


16 Ton Log Splitter 
24” stroke 5 HP, detent valve, 4” x 24" 
cylinder. A $1,300.00 Value. ltem#1134 


БН. сарайына ... $699.95 


20 Ton Vertical/ 


24" stroke, splits wood 
in vertical and horizontal 
position. 6x6 H-beam, 5 
HP, 4x24 cylinder. 
Detent valve. 

A $1,400.00 Value. 

Item #1160... 


Deluxe 
Garden Cart 
Carries lawn and garden tools, clip- 
pings, branches and more. Includes a 
FREE swingout Dumpster Door. Big 
20” wheels. Size 48"x27"x24"H. Item 


#14512 List $198.95 
$64.95 


Two Stage — P 
Hydraulic Pumps 7 = 
ТЕРМИ: au Sale $79.95 
13.6 ОРМ........................... Sale $109.95 
16 GPM..... Sale $115.95| 
| Hydraulic Cylinders | 
З%"”х24”"х1%”....................-Өаїе $92.95 
q'uOAa eid. re! Sale$109.95 
VUE De PME ОН NR Sale $209.95 


Hydraulic Detent Valve 


Automatic return. Adjustable from 600 
to 2500 PSI. 


Salbe ТУРТ ..$48. 50 


Save 20-50% 
off list prices on name brands! Call Toll Free 


1-800-533-5545 
24 Hours a day, 


Horizontal Log Splitter 


| Rated Generators 
| Ideal for homeowners, 


Sale.......... ..$799.95| 


| long life durability! Item #16425 
| Sale н. 


Northern 


Hydraulics 7. dars d 


SAVE!!! GAS ENGINES! 
Wide variety of horizontal and vertical 
| gas engines, 3 to 23HP. Famous brands 
like Tecumseh, Briggs, Honda, Wis- 
consin Robin and Kohler. 


EP BS aN $129.95 
ВНР ss — € $187.95 
ЕЛА eas $219.95 
5000 
watts 
(surge 
4000 Watt 
| Continuous 


farmers. con- 
tractors and vacationers. 8-HP Tecum- 
seh engine has cast iron sleeve for 


379.95 


Electric Start Model 
Item# 16426.............. $459.95 


HO 


Barrel Stove Kit 


100% cast iron kit converts any 30 or 55 | 
igal. drum into an efficient wood burning || 2: 


heater. List $49.95 


Double Barrel Adaptor Kit 

Adapts above barrel stove kit into a 
double barrel heater, creating greater 
heating efficiency. List $22.95 


Our Tarps Are | 
Tougher! 
Our hefty (approx.) 


в 
es н Тш, 


' Î Homelite 16” Bar “> 
Model SXL-AO Super XL Saw 


Features: automatic and manual chain 
oiling, 16" guide bar & 3.5 cubic in. engine. | 
Solid State ignition. List $409.95. 


Oregon Semi Chisel Loop 


— — PR m — лыы ылы ыш - ттт e ч=т т== тт 34 434 4—8———E ЫШ 


Dept. 69510 ы MWA 
Send In The p: FREE ~. z 
Coupon Below ._.. > „ 
For Your 
Free Catalog 
Sale Ends 
Oct 31, 1987 


E d 
La cm =й. 
Ч 1 
AUS " я | 
1 ^ ^at 


week! 


woes 
100 Amp Mig Welder 


Includes welding gun. CO2 tank linear gas 

| regulator, 6 ground lead with clamp, spare 
tips for gun. 2 Ib. spool of wire and mask 110 
Volt.List $699.95. ltem#155442 


16" loop. 


Special at...$8.55 | 


| Monster Maul 
Timberjack 12 Ib. log splitting maul. 


finger tip control. List $87.95 rw) 

| $:....$39.95.. ^ 

z W Hate 

F# Mr. Double a 
Heater 


24,000 BTU, double burner lite one 
z^. or two burners. High pressure reg- 
-| ulating valve. List $167.00 


M „Northern 
= Чуагаиісѕ 


Call Toll Free 
1-800-533-5545 


m Ый NR nas cn mmn و‎ ds d ت‎ RR 


i24 hours a e 7 "m a week! 


P.O. Box 1219 
E Burnsville, MN 55337- 0219 


TER. 

12 mil. woven poly tarps 

with rustproof grommets. gu 

Item3t Cut Size Sale Price 

1770 6'x8' $2.42 - 

1771 8' x 10' $4.46 : 

1772 10°x 12" $5.35 

1773 12'x16' $8.95 

1774 12'x20 $11.65 | 

1775 16'x 20’ $17.95 -Re 

1776 20' x 30’ $35.95 | 
|1777 30' x 40° $62.95 | 

1778 30° x 50° $80.95 

1779 30’ x 60" $89.95 4 


$17.95 


Mr. Heater 12,000 BTU 
| Safety shut off valve. Adjustable 


Earn money in your 


run your own 
locksmith shop! 


Train at home with the origi- 
nal Locksmithing Institute. In 
as little as 6 months’ you сап 
take care of the demand in 
your community for profes- 
sional locksmiths. 

Earn while learning, too! 
In a few weeks, you'll have 
the know-how to make mon- 


Learn by doing 


materials sent to you with the course.. 
tric key machine.. 
in your own locksmith shop. 


1500 Cardinal ( Drive, Little Falls, NJ 07424 Dept 111-107 


PLEASE RUSH FREE CAREER BROCHURE 
L] LOCKSMITHING 
OTHER CAREER COURSES AVAILABLE 


BE A PROFESSIONAL 


LOCKSMITH 


spare time or even v 


ey changing locks, making keys, simple installations. 


Locksmithing Institute's tested and proven method 
makes it easy for you to learn. Each lesson is fully 
illustrated and you work with professional tools and 
even an elec- 
. equipment that you will be using 


Cash in on the growing need for locksmiths 
You'll find locksmithing work all around you. And, 
with your Diploma as a skilled Master Locksmith, 
you'll start cashing in on your money making skills. 
Get the exciting profit facts by mail... 
man will ever call. Mail the coupon today. 
IF COUPON IS MISSING, WRITE: 
LOCKSMITHING INSTITUTE 
1500 Cardinal Г Drive, Little Falls, N.J. 07424 


$2695 


making with Badge-A-Minit. 
These 214" plastic coated 
buttons are fun to make, 
fun to wear and easy to 
sell at flea markets, 
fairs, conventions or 


businesses or churches. 


no sales- 


IL 815-224-2090) 


Card Мо. 


Exp. Date 


O Upholstery О Insurance Adjusting Conservation 
І O Legal Investigation O Interior Design CJ Drafting | 
| [1 Color TV Electronics] Fundamental [J Automotive | Мате 
Electronics Mechanics 
|| J Small Engine LJ Burglar and Fire O Bookkeeping & | Address 
Mechani Ks Alarm Systems General Accounting 
|  Airconditioning / Refrigeration / Heating j City 
NAME 
| ADDRESS Е | State 
| CITY STATE ZIP | 
PHONE 


Got a Minit? 
Make 
а Button: 


with 


жарылыш n 


In just a "minit" you can enter 
| the fast and easy, fun and 
profitable world of button- 


sporting events. Supply buttons for community events, 


For $26.95 you get a hand held press, a set of 5 
assembly rings and enough designs and metal parts 
to make 10 buttons. To order additional button parts 
see the catalog included with every order. 

Order today or send for a FREE catalog. Call 
1-800-223-4103 (In IL 815-224-2090) 


ee ee 


Badge A Minit, Dept. Р5-1087 348 North 30th Rd, 
Box 800, LaSalle, IL 61301, Phone 1-800-223-4103 (In 


[] Send me the Badge-A-Minit Starter Kit for only $26.95 plus 
$1.75 shipping (It residents add $1.68 tax) 
LI VISA | MasterCard 


C] | am not ordering now, but please send me a FREE catalog. 


Popular Science Indexes 

Box 2027, Latham, М.Ү. 12111 

Enclosed is a total of $ [check or money order) Please send 
[186 0°85 Ства LY83 LT82 O81 ово L179 

O78 O77 LI 76 C75 LU TA LT T3 O 72 

($1.75 each) ПАН 15 indexes (1972-1986) tor $15 L 


Five indexes $5 


Address 
City. = 


li; —————.— ——— 
{Prices above include postage and handling. Allow abou! 4 weeks for delivery] 


YOU SAW IT IN 
POPULAR SCIENCE 
—BUT WHEN? 


Nothing is more frustrating than 
trying to find that article on stealth 
aircraft or the new HQ VCRs, or lo- 
cating any other informative article 
or item that appeared in POPULAR 
SciENCE in 1986. That's why you'll 
want a handy 1986 POPULAR SCIENCE 
Index. And to help you make use of 
your older magazines, or to find a 
PS reference quickly at the library, 
complete your set of indexes, still 
available from 1972 to date. Fill out 
the order form above or a larger sheet 
and send with check or money order. 


| 
| 
| 
| 
| 
| 
| Магпа 
| 
| 
| 
| 
| 
| 


eb pne 
S 


ary” 


INVENTIONS WANTED 


INVENTORS! Confused? Need help? 
Call AIM for free information kit. Toll free: 
1- -800-225-5800. 


IDEAS, INVENTIONS, NEW 


l WANTED FOR 
Fresentation to industry and exhibition at 
national innovation exposition. Call free 1- 
800-288-IDEA, Canada, 1-800-528-6060, 
X831. Or write: 


NEW IDEA? Innovation Center in Wash- 
ington, D.C. will assist you through 
RESEARCH and DEVELOPMENT! Free 
Kit—1 -B00-257- 7880. 


HONGKONG factory needs several new 
products for their overseas buyers. Send 
product ideas for royalty evaluation. Can 
produ exclusively Hongkong Plastic 

etal Products Company, Box 69627, 
Kwuntong, Hongkong. 


INVENTORS: If vou have an invention 

n sale or licenses, write for free booklet 

ех how we can help you. Kessler 
Corp C-7-IW. Freemont, OH 43420. 


INVENTIONS Developed Marketed. 
Free Invention Certificates. MANUFAC- 
TURERS REPRESENTATIVE, Suite 3615- 
PS, Woolworth Building, New York, NY 
10007. 


FOR INVENTORS 


PATENT IT ECONOMICALLY! Free 
details. Licensed since 1958. Rainer Asso- 
пане, 2008 Fondulac, Richmond, VA 

9. 


NONPROFIT foundation helping inven- 


tors over 12 years. recording forms. 
Free evaluation. Affiliated Inventors 
Foundation, 501-A Iowa, Colorado 


Springs, CO 80909 or Call 1-800-525-5885. 
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REGISTERED PATENT ATTORNEY will 
evaluate invention, prepare and prosecute 
patent application. 'asonable rates. 

dwin Schindler, 1523 East 4 Street, 
Brooklyn, New York 11230, (718) 336- 


9346. 


INVENTORS! Can you patent and profit | 
from your idea? Call or write for your free 
information package. Over a decade of | 

ERICAN 


нз COR- 
PORATION, 82 Broad Street, Dept. PS, 
Westfield, Massachusetts, 01086. 
338-5656. In Massachusetts or Canada call 
(413) 568-3753. 


service, AM 


PATENT AND DEVELOP Your Inven- 


tion. Registered Patent Agent апа 
Licensed Professional Engineer. Send for 
FREE PATENT INFORMATION Every 
Inventor Should Have. Richard L. Miller, 
12 Parkside Drive, Suite-N, Dix Hills, NY 
11746. (516) 499-4343. 


LEARN how to offer your invention for 
sale or license. Free Booklet. Outlines pro- 
cedures, royalty rates, requirements, Kes- 
sler Sales Corporation, -T-FI, Fremont, 
OH 43420 


ELECTRICAL SUPPLIES & 
EQUIPMENT 


PRECISION DISTANT SOUND DETECTOR 
Complete 5yatem (Pictured) 
= Hear а whisper Ya mile away 
æ Hear a deer 1 mile away 
a Hear а саг 2 miles away 


Portable size for tight places. En- | 
joy the highly directional sensitiv: 


ly combined wilh the Superior 
Parabolic mirror. Our most sophis- 
licaled device developed 
TS" ا‎ e 

ü x 444 Dept. F 

SLE. uT Baio 
ORDER 24 HOURS $145 POSTPAID 
1-800-453-4100 WSa/mastexcans 


LASERS: Free Са Meredith 
ааа, Box 1724, Glendale, AZ 
1. 


1-800- | 


_TELEPHONE & ACCESSORIES 


TELEPHONES Sales—Service (Ameri- 
can Made) Write: Telephones, Box 6M, 
Simpson, PA 18407. 


BUY AT&T Western Electric Payphones , 
“WHOLESALE” Greatest Vendor Ever 
(303) 499-3344. 


TELEPHONE TAP Listen. 603 Elgin, 
Muskogee, OK 74401, (918) 683-9589. 


RETIREMENT 


ALABAMUYFS perfect retirement spot: 
Dothan area. Great lifestyle. Low home 
taxes. 90 minutes to Gulf. Brochures free. 
LEE Box 638-P Dothan, Alabama- 


RUBBER STAMP 


Order “CUSTOM MADE” 


RUBBER STAMPS 


G" UP TO 4 LINES only $095 
i (Max.30 letters per line) ea. 
EE INK PADS anly $1.95 en. 


m jE È 


| ye EA. Add 25¢ per item for postan 
| М.” ‘SATISFACTION GUARANTEED 
FAST SERVICE: Your Order Shipped in 5 days! 


GARDEN SUPPLIES & EQUIP 


GOPHER ELIMINATOR 

Effective means to permanently eliminate 
Gophers, Ground Squirrels & Moles. This 
electronic stake placed in the ground emits 
a noise and vibration. Causing rodents 
within 1000 square yards to flee. Battery 
operated. Waterproof 1 Year limited War- 
ranty. Proven results. $49.95. To order, or 
| for information call: 1-800-628-2828 exten- 
sion 433. 


ASTRONOMY ` 


SEE THE UNIVERSE! Build your own 
large aperture 6" f/8 telescope. Complete 
optics and plans only $129. Catalog $1. Sky 
Срна, 12428 Gladstone, Sylmar, CA 
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SPORTING GOODS 


PADDED SWORDS Heavily Padded 
Weapons. SAFELY Beat On Friend Or Foe. 


MINI CROSSBOW! Diecast pistol body, 
steel bow. 15 arrows, 2 strings; $79.00. 
Information, $2.00. Giannelzi, Box 208PS, 
Verona, PA 15147. 


For More Information. Send $1.00 Th: 
Hn Co., РО. Box 239, Amherst, NY 


l-urZ-piéte For Camouflage or Black MINJA 
el ТУ -Ruwni models add au oo 8-0 uer 


МЕМ В FT. “4 ІМ 1" TAKE-DOWN ee El = 


18 Survival-Hunting ' "Commando" “Motels m 4 
L5! Pha Ыы x 


350' 12.95 Add$1.95 postage T 
Si. ENT, POWERFUL.ACCURATE EACH paid gun. zu 


апы np ai KI ills g arre. Wasa varmints, pests! Farget, yt v^. 
гий spart; Astound tre nds! Comnnesnl brer ki gh 
ower! [yen Мә wi xxt NIT А DOT! Rugge i Ahmin 8 
5 steel darts, instruc. Extra darts 0083.50 2055.05, à 
lon Sa se. 200516.88, 500 $39.88. rode g* 
al HMI агі ies! tirgels! р Hari ЇЇ ХНИ car ae - 


Classified Opportunity Mart 


Reach 4.5 million readers every month with an ad in Popular Science's 
Classified Opportunity Mart. December Issue Deadline (on sale November 
10) s September 25. Rates: $8.40 per word. Min. ad 10 words. Darker 
type (Bold) words $1.00 per word extra. Display Classified: $467 per 
inch. Payment with order, or charge your Visa, MC, Amer. Exp., or 


Ernestine Grant, Class Adv. Dir. 


Diners Club Account (give # & exp.) Advertisers using box number 
inad must furnish name & street address for our records. Send order 
& remittance payable to POPULAR SCIENCE, Classified Dept. 6C, 
380 Madison Avenue, New York, NY 10017. For advertising infor- 
mation call 800-445-2714. 


Dorothy Ellis, Sr. Class. Adv. 


INBOARD/OUTBOARD 
MOTORS 


BOAT Plans — Patterns — Kits — Hun- 
dreds of designs — Sailboats — Fower- 
boats — Sportsfishers — Rowboats — 
Duckboats — Bassboats — Canoes — 
Hydroplanes — Simple construction — 
Proven results — Tremendous savings! 
. Gigantic 160-page catalog $3.00 ($4.00 
Airmail) — Includes Free “Boatbuilding 
Supplies” catalog, GLEN-L. 9152 Rose- 
. crans, Box 18045Р, Bellflower, CA 90706. 


BOATS KITS—SAIL —16'-30' all trail- 
erable molded fiberglass hulls and decks 
come factory assembled—you install 
factory supplied interior. Save half factory 
built cost. No experience required. FREE 
40 page catalog. LUGER, Dept. AC-107, 
PO. Box 1398, St. Joseph, MO 64502. 

1(800) Boat Kit; MO: (BIG) 233-516. 


- PLANS - PATTERNS - 250 
Desi - 8'/70'- Plywood - Fiberglass - 
Steel - POWERBOATS - Cruisers - House- 
boats - Hydroplanes - Runabouts - Duck- 
boats - Canoes - Kayaks - Dories - Prams - 
SAILBOATS - Daysailers - Trailersailers - 
Multihull: - SUPPLIES - Epoxies - Foly- 
esters - Cloth - Foam - CATALOG $3.00 
(Airmail $5.00) - (Book Amateur Boat- 


BOATS, 


building $6.00) CLARKCRAFT 16-5 Aqua- | 


lane, Топа wanda, NY 14150 


EVINALIDE—OTHER BRANDS 1986 
BARGAINS...All Sizes...$2.00 Handling. 
Scott McCulloch parts...Electra Marine, 
BED Мени Road, Lynbrook, New York 


TRAILERS & CAMPERS 


BUILD Your Own—Travel Trailer— 
Fifth Wheeler—Motorhome—C amper— 
Pickup Cover—Plans—Patterns—Kits— 
Catalog $1 —GLEN-L К-У, 9152PS Rose- 
crans, Box 1804, Bellflower, CA 90706. 


HOVERCRAFT 


AERO-CAR Amazing Hovercraft built 
easily with ordinary tools. Lawnmower 
engine powered. Carries one man plus, 
Рев over land/snow/water. Complete 
Box 5115 and booklet. $10.95. Aero-Projects, 

x 511328, Clinton, NJ 08809. 


HOVERCRAFT Plans, Parts. Catalo 
$1.00. Universal, Box 281, Cordova, 1 
61242. 


HOVERCRAFT plans. 7 to 80 horse- 
power. Information $2.00. Sevtec, Box 
9465, Monroe, WA 98272. 


MOTORCYCLES, 
SUPPLIES 


BUILD A TOM THUMB Micro Mini-Bike 
Gasoline Powered Plans $9.95. THOMAS 
ENGINEERING, Box 117, Champlin, MN 
55316. 


ENGINE & MOTORS 


NEW amazing engine conditioner guar- 
antees 100,000 miles without tune-up 
details. 5 М Merchandise, 6055 Ogden 
Nash Way, Dept. PS10, Sacramento, CA 
95842. 


BICYCLES 


AUTO SUPPLIES & EQUIPMENT 


ALTERNATOR Generator Rebuilding 
Book. Price: HV Technology, 7505 Barken- 
tine St., Las Vegas, NV 89128. 


ENGINE OVERHAUL KITS: WHOLE- 
SALE CATALOG $2.00. E.S.G., Dept. PS, 
Box 13053, Lansing, MI 48901 


Only $4.95 
PLUS $1.00 
SHIPPING & 
HANDLING 


COCKPIT- uem Thermometer, Hy- 
grometer, Quartz FREE SHIPPING on 
orders of 2 or more. 

MONEY BACK GUARANTEE 

Send check or money order to: J&S Co. 
P.O. BOX 25928 Santa Ana, CA 92799 


STOP that thief! Do it yourself automo- 


bile, truck, RV horn alarm. Easy to install. 
Complete instructions and plans. Send 
$2.00 plus SASE. Trigon, 3939 Osuna NE, 
Albuquerque, NM 87109. 


QUIK LUBE Mobile Business. Free 
ANON. Box 200093, Arlington, TX 


AUTOMOBILES 


BUILD A BIKECAR 
The Amazing Mini Car You Can — 


! гаў SPORTRAN CO. 
PLANS $9.95 # P.O. Box 70778, 


Salisteclion Guaranteed or Your Money Back Endicott, NY 13760 


VAPOR Carburetor Triples MPG. Free 
Information. H&A, R2PS, Bowling Green, 
MO 63334. 


15 It True You Can Buy Jeeps for $44 
through the U.S. government? Get the facts 
today! Call 1-312-742-1142 Ext. 4606. 


ANIMAL Warning Systems for Cars, 
Trucks, and Motorcycles $$19.95 Visa/ 
MasterCharge free information. ESE, Box 
958, Estes Park, CO 80517, (303) 586-4161. 


AUTOMOTIVE ELECTRICAL CON- 
SULTING SERVICES 220.00. Repair it 
yourself and SAVE $$$$! 7:00AM to 6:00 
PM Saturdays, Sundays. Have Visa, MC, 
pad and pen ready (505) 983-6385. 


ALL TERRAIN VEHICLES 


BUY ONE AND WE'LL MAKE 
YOU AN EXCLUSIVE DEALER* 


max в 
6 wheel drive AIV 


passenger $ 
models 


*1 the territory still is open. 
Call Toll-Free 1-800-255-2511 
NY and Alaska 716-855-2226 Collect 
Canada Toll-Free 1-800-338-0012 

| Recreatives Industries, Inc. 

| 60 Depot Street, Buffalo, NY 14206 


ASTRONAUTICS 


SPACE Shuttle Videos - Brochure: SASE. 
5863-Р5 Village Forest, Houston 77092. 


HIGH POWER MODEL ROCKET KITS 
AND MOTORS. "D" thru “J” power. Cata- 
log: $1.00. High Sierra Rocketry, 1800 Sev- 
ern Drive, Reno, NV 89503. 


BUILD YOUR OWN 
ROCKET MOTORS! 


* 40 POUNDS THRUST! 

* FIFTY CENTS EACH! 

* BUILD A DOZEN IN 
AN £ EVENING! 


sur brochurs.2ad wt ll send 
MAKE TOURSELF trem тайтай quali find 


nd $2 00 
ері. Р510 "E TELEFLITE CORPORATION, 
" кетн $i., Sunmymead, Calif. 92388 


3O LEVITATION METHODS! AMAZING 
DATABASE CATALOG. $1: Rexco, Box 
1258, Berkeley, CA 94701. 


AVIATION 


Homebuilt HELICOP TERS 


5 Models 
Available 


You Can Build for Under +900 


Vertical Takeot! and Landing 
Hover Flight/No License Required 
INFORMATION PACK $5.00 
Includes: specs, photos, prices 
Вох 391-8 


[97 BW ROTOR CO,INC. Towanda. KS 67148 


BOOMERANGS... HI-TECH RETURNS! 
Polycarbonate Paxolin. Wood Constructed! 
World's Best! collectible 11th Annual Cata- 
log. FREE! BoomerangMan, 1806-2 N. 
38th, Monroe, LA 71021-4222. 


JET HELICOPTER 
LOW - COST DESIGN — SIMPLIFIED ASSEMBLY 
"eux * Uses low-cost fuel 


* Mo license needed 


E -x-p-a-n-d-e-d 
CONSTRUCTION MANUAL 
Fully illus, Only $13,95* 


THE 


i Helicopter Experimenter's 


HAHO 


e photos e designs & dato 
Only £10.95* 


Plans ГЕНГ accessory 
information: $1.00 
or free with orders! 


U5. Fonds сту. 


Р.О. Вох 50-A 
Riderwood, МО 21139 


Credit cord order line: 
dial 3-301-583-5356 


AMAZING  1791b flying machine 
CLIMBS to 10,000 feet NO LICENSE 
required NO WINGS or Helicopter blades 
FOLDS to fit in trunk of car SAFEST, Easi- 
est, Cheapest way to fiy for complete info + 
FREE Demo flight send $5.95 to: Freedom 
Fliers, PO. Box 135B, West-Pittston, PA 
18643. (Buy One Be A Dealer If Open.) 


EARN PILOTS LICENSE + CASH Thru 
spare time business. No investment. 
Details $2.00. Aerographics/B. Box 30, 
Southampton, MA 01073. 


HOBBY HELICOPTER—"CHOPPY" 


ultralight single-seat helicopter. Simpli- 
fied construction—motorcycle engine. Bro- 
chure: $3. POLYNOWA, Box 6705, Saint- 
Remi, Quebec, Canada JOL 210. 


ENERGY SAVING 


SOLAR LASER REACTOR! Theory 
$4.00. 1013 #A Atkins, Ridgecrest, CA 
93555. 


PRINTING SERVICES 


FREE 16 pg Printing Price List, 1 to 5 


colors, sheets to catalogues. Copen Press, 
100PS Berriman St., Brooklyn, NY 11208. 


|. DISTRIBUTORS NEEDED —— 


ig tional business opportunity ER 
EW Product! 12-volt Cooler and Tool 
| built in one, for pick-wp trucks of all sizes. 
pounds food or 48 12 oz cans/approximately 7 cu 
Dry Storage. Uses vehicle wer source, installs in minutes. 
1 year warranty. THOUSANDS possible weekly! Special trial | 
offer. Limited number of distributors accepted. 


distributor |] 
rage box 
BD | 


| send $5 for info, Wr pricing & color brochures 


or call 615-484-4780 1С, Visa, AVE accepted. {alsa 
portable & built-in 12 volt coolers) 


Cool-Tooler, Inc. Manufacturer 
2906 North Main Street, Crossville, TN 38555 


DISTRIBUTORS NEEDED 
NEW HEAVY DUTY 
AUTOMOBILE FLOOR MATS 
Unlimited Market * Exclusive Territory 


Send $5 for info, confidential pricing & color brochures 
or call 615-484-4780. M С, Visa, А E accepted. 


55 includes both packets upon request. 
Cool-Tooler, Inc. 


2906 North Main Street 
Crossville, TN 38555 


CLASSIC CAR KITS 


CUSTOM BUILDING 


ur 
With National 


Pickup & Delivery | 
Completion of Unfinished Kits [| 
V6 Installations Our Specialty | 


PROVA COUNTACH KITS 
Now Available | 


P.O. Box 230 - Г 
Hereford, Texas 79045 | 
806-364-1811 


“Kustom 
“Motorcars 


PLANS & BLUEPRINTS 


BUILD ROCKING HORSES! Size 25” x 
36", Plan #245 is $8.00. Size 35" x 58", 
Plan #400 is $10.50, postpaid. NY resi- 
dents add tax. Armor Pro ucts, Box 445- 
FC, East Northport, NY 11731. | 


DO YOU HAVE PLANS Or KITS For 
ANYTHING? We have FREE Listings 
Available! No Cost! No Strings! No Kid- 
ding! Send self addressed stamped en ve- 
Jope to: S.M. Payne, 16 N. Market, Cortez, 

81321. 


CHARMING Back Yard GAZEBO. Com- 
piete Plans and Details. Rush $9.95 Visa, 

C. Distributorships Available. LLPS, 
103 Marion, Mansfield, OH 44903. 
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KITES 


N 


| FREE COLOR CATALOG 
Choose from over 100 kites. 
i Many unusual & innovative designs. 
Call or write for your catalog today! 


Into The Wind • (303) 449-5356 | 
1408-P Pear! St., Boulder, CO 80302 


| [] YES, SEND МЕ A FREE CATALOG i 


К, ^. 1 


Name 


ра 
State LLILILhDBÉÀAÉSaiA #р 
Шиштин EE 


ALTERNATE ENERGY 


200 EXOTIC ENERGY INVENTIONS, 
RARE TECHNICAL DATA. ASTOUNDING 
40-PAGE CATALOG, $2. REXSEARCH, 
BOX 1258, BERKELEY, CA 94704. 


USSR uses Tesla's theories 
in modern warfare and 
weather control. 


"Soviet Scalar 


Electromagnetic 
Weapons" 

send $1.00 for catalog 

TESLA BOOK CO. 


P.O. Box 1649 
| Greenville, TX 75401 


"SECRETS OF SUPPRESSED TECH- 
NOLOGY" Learn about—“SELF- 
REGENERATING ELECTRIC CARS!" 
“ENGINES THAT PRODUCE THEIR 
OWN FUEL!" And More. Information 
$1.00. Sunrise, Box 11233Р58, Ocala, FL 
32613. 


SUPPRESSED INVENTIONS. Details: 
Mike's, Box 122, San Marcos, CA 92069. 


SURPLUS SOLAR CELLS, PANELS, 
magnets, lab chemicals, glassware. 
Robots, lasers. Catalog $1. Applied Photo- 
voltaics, Box 2773, Staunton, VA 24401, 


RAGE BATTERIES 
Build your own for solar, wind, etc. Send 
$2.00 and stamped envelope: BATTERIES, 
37880 Maravian, Mt. Clemens, MI 48043. 


FREE HYDROGEN FUEL and Oxygen 
Generator uses Water and Solar Cells. 
Plans and Kit $12.00. Prairie Power, Box 
8291, Edmonton, Alberta, ТЄН OLO, 
Canada. 


SAVINGS & PROFITS IN SOLAR 
ENERGY. Free details. Deer Run, Box 
61168-A, Raleigh, NC 27611. 


DC EQUIPMENT - Motors, Inverters, 
Photovoltaics, Efficient Refridgerators, 
Tractors. Catalog $3. Windpower, Route 1P, 

Holton, KS 66436. 


DO IT YOURSELF 


VOIGE Disguisers! FM Bugs! SWL 
Active Antenna, Receivers! More! Send 
stamped envelope: XANDI Electronic, Box 
25647, Tempe, AZ 85282. 


HYDROGEN oe FUEL FROM 
WATER. Amazing Free Report. Merit, Box 
5363, Louisville, KY 40205. 


4921 CATALOGS listed. Sources For 
Anything! $5.00 Catalogs. Box 92452X, 
Atlanta, GA 30314. 


| SOLAR, GREENHOUSE, AND 

ENERGY SAVING PRODUCTS CATA- 
LOG! 80 pages. Order from one expert 
source. America’s largest energy saving 
mail order house! $1.00 postpaid. Solar 
Components, Dept. PS, 88 Pine, Manches- 
ter, NH 03103. 


CARPET DYEING high profits, in place 
dyeing step by step pictorial guide only 
$14.95. 33495 Del Obispo, Suite 117, Dana 
Point, CA 92629. 
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200 SUPPRESSED INVENTIONS! 
FREE ENERGY, LEVITATION! RARE 
AMAZING 40-PAGE CAT- 
INFOLIOS, BOX 1258, 
BERKELEY, CA 94701. 


PVC PIPE FURNITUREP ans, Kits and 
z plies. Free Brochure. Casual, Box 208- 
wksbury, MA 01876. 


aec telephone conversabons in your office or 
home Connects between any cassette or lapa | 
м, лч. and your telephone ling Stans auhi- 


sides ol conversation Steps recorder when 
* phone 15 hung up 


Super Powerful FM TRANSMITTER 

Many Limes more powertul than other transmitters 

Transits up lo % mae 10 any FM radio -Easy 10 

Assemble Ka - up to 3V baflery [nal mel.) 

For catalog of Transmitiars, Voice Scrambiers and 

other specany items, enciose $2 (0 to USI Corp 
Call 305-725-1000 or send $19.95 + $1.00 
shipping per itam to: USI Corp., PO Box 


PS-2052, Melbourne, FL 32902 COD'sOK. 1x15" 


MICRO FM TRANSMITTERS, bugging 
equipment, remote control devices. Cata- 
log $2.00 (refundable). Epsilon Co., Box 
291513, Los Angeles, CA 90027. 


THE AMAZING RIELLO 
en a high-tech oil burner. Easy to 
install in most oil furnaces-Owners report 
20-50% fuel savings. Order yours now and 
start saving! Model M3 (domestic) only 
$349.00 CLIMATE CONTROL, 1618 Haw- 
thorne, Victoria, B.C. Canada V8N 2M4. 
Credit Card-24hr. (604) 386-4142. 


ELECTROPLATING. Complete  text- 
book. Electroplate metallics - nonmetal- 
lics. $11.95. Details free. Tropic, Box 95E, 
Palm Bay, FL 32906-0095. 


MICRO BUGS 
Highly advanced bugging equipment. Ultra- 
small transmitters, concrete mics, telephone. 
pen bugs and much more. Send $2.00 to 
= MICROCOM for catalog 
(REFUNDABLE). Unbeatable 
prices. 
їз MICROCOM TECHNOLOGY 


Dept - 5 P O. Box 347341 • Cleveland. ОН 44134 


PICKS UP A WHISPER 50 FEET AWAY 
The model WAT-50 miniature FM transmitter 
uses a 4-stage circuit NOT to be confused with 
a simple wireless microphone. Simply snap the 
unit on top of a 9V battery and you can hear 
every sound in an entire house up to 1 mile 
away! Use with any FM radio. Tunes to any 
frequency from 70mhz— 130mhz. Easy to as- 
semble kit includes all parts and instructions. 
Only $29.99 tax incl. 

Call or send MO, VISA, MC for immediate de- 
livery. Include $1.50 S&H. FREE SHIPPING 
on orders of 2 or more. All orders shipped by 
U.S. Mail. COD add $4.00. Personal checks 
allow 21 days. 


DECO INDUSTRIES 
BOX 607 
BEDFORD HILLS, NY 10507 
914-232-3878 


LASER OR 


MASER PISTOL — Complete 
Plans for Build- 
"m —$5.00 each 

INVISIBLE FORCE 

FIELD—$4.00 MOON 

MAN URBE ш 

! SOUND LASER. 2s $4.00 
lon Aeronautical Lift System . Sie Fe E $7.50 
dug Ruby Crystal 44" x 2" for educational 

High Power CO, Laser 

Catalog of super Science Projects-- ST 00 


JACK FORD SCIENCE PROJECTS 
PO Box 1009, Duluth, GA 30136 
101 NEW PRODUCT IDEAS From super 
structures to fads. $5.00. Barbican, Box 
80743, San Diego, CA 92138. 
PICNIC Table Instructions $2.00. Jim, 
Box 136, Newsman, IL 61942. 


PLANS Bud Yourself AI Parts Available In Stock 
e LC7—Burmi oh erp C0; Laser .. ...5 20.00 
* RUB4—Po y Pistol .. 20.00 
+ TCC1—3 Separate Tesiat il Plans to 1.5 MEV... 
* 10G1—lon Ray Gun. К TE ; 
+ GRAi—Gravity Generator. . 10.00 
e EML1—Electro Magnet Coil Gun/Launcher .......... 6.00 
KITS 
e MFT1K—FM Voice Transmitter 3 mi Range 

* VWPMSK—Telephone Transmitter 3 mi Range... 
+ BTC3K—250,00 Volt 10-14 * Spark Tesla Coil 
e LHC2K —Simulated Multicolor Laser 50 
e BLS1K—100,000 Watt Blaster Defense Device... 69.50 
* [TM1K—100,000 Volt 20" Affective 

Range Intimidator 
s PSPAK— Time Variant Shock Wave Pistol ... 
* PTG1K—Spectacular Plasma Hio end 1 8 50 
e MVPIK See In Dark Kit .. 


ASSEMBLED 
. TEN Variable Mode 


Plasma Globe “7 
« BTC10—50,000 Voll—World's Smallest 
Tesla Coil 
« LGU40—1MW Неме Visible Red Laser Gun 
e TAT20 Auto Telephone Recording Device 
e GPV10—See In Total Darkness IR Viewer .......... 299. 
e 15710—5поорег Phone Infinity Transmitter ...... 169.50 
| * IPG70—1Invisible Pain Field Generator— 
Multi Made ....... 


* Catalog Containing descri plions of above plus | 
hundreds more available for $1.00 or included free 
with all above orders. 

| Pleaseinclude $3.00 PH on all kits and products plans 
are postage paid. Send check, MO, VISA, MC in US 


| INFORMATION UNLIMITED 
| P.0. BOX 716 DEPT. PB, AMHERST, NH 03031 


CONCRETE AND MASONRY GUIDE | 


for small home projects. Illustrated book- 
let, $4.95. D. L. Bettis, 5711 John Sevier 
Highway, Knoxville, TN 37914. 


WHY BUY? Get 1001 Items Free! Book 
reveals, only $3.98 postpaid. Worldlink 
Enterprises, РО. Box 448, Philadelphia, 
PA 19105. 


BENCH PRESS LEG LIFT Easily built, 
inexpensive, no special tools needed. Plans 
$2.00. U-Built oducts, R1, Box 217e, 
French Lick, IN 47432. 


ANTI-BUGGING 


DEBUGGING EQUIPMENT THAT IS 
RELIABLE AND EASY TO USE. 


Our products include R.F. (bug) sweeping units O 
pocket-aized bug/tape recorder detectors with silent 
vibrating alert C voles scrambiers. 
for telephone/cellular phone, with over 13,000 
selectable codes O laser/microwave defeal aystems 
which thwart the use of buried wall mica as well as 
| laser beam reflections off windows O For your catalog 
of these and other counter-surveillance devices send 
$2.00 to: RESEARCH ELECTRONICS, INC. 
1570 Brown Ave., Cookeville, TM 38501 
Phone 615/528-5756 
REI iè recognized around the world as one of the 
leading manufacturers of counter-measunse equipment. 


PROJECTION TV... Convert your TV to 
project 7 Foot picture... Results compara- 
le to $2,500 projectors Total cost less than 
$30.00... Plans and 8" Lens $21.95... Illus- 
trated information FREE. Macrocoma- аһ, 
Washington Crossing, Pennsylvania 
18977. nicer orders 24HRS. (215) 
736-3979 


SAVE Maney Make Money Repairing 
Home And Automobile Air Conditioning. 


| Valuable Free Report. Easy, 215 Postoffice 


#1205M, Galveston, TX 77550. 


EQUITY PROTECTION — Buying, sell- 
ing, renting, building. New Pr 
luation KIT. Details Sase: 
CDC, Suite 58-14, Dept PS, Andreas, PA 
18211. 


LARGEST SELECTION of how to books. 
FREE CATALOG! Hillversum's, 12311 
N.E. Glisan, Dept. 207PS1, Portland, Ore- 
gon, 97230. 


SHIPS IN BOTTLES Complete Instruction 
Manual $5.00. LM Graphics, 12213 17th 
Ave., So., Suite B, Burnsville, MN 55337. 


PERSONAL 


HYPNOSIS Audio Cassette Tape Tailored 
To Meet Your Personal Needs. For Informa- 
tion Write: Roger Long, 11255 Tierrasanta 
Blvd., Suite 129, San Diego, CA 92124. 


REAL ESTATE _ 


CALIFORNIA. Acreage. Lots. $40 нй. 
40 monthly. 4602 Ethel, Sherman Oaks, 
CA 91423. 


MONTANA LAND 


20 Acres (or more) starting at $6950, with 
$500. down, $98.22/month. Near Beautiful 
Yellowstone Park and Mational Forests. In the 
heart of trophy elk, deer, moose, antelope and 
turkey hunting. Blue ribbon trout streams. 
Guaranteed Access. INSURED TITLE AND 
WARRANTY DEED. Your Inspection Wel- 
comed. Free Color Brochure. 

Call Today Toll FREE: 1-800-252-5263 
Yellowstone Basin Properties 
1119 N. 7th Ave., 

Dept. PS, P.O. Box 3027 
Bozeman, MT 59772-3027 
(406) 587-5469 


FREEDOM COUNTRY 

20 BIG acres in WESTERN MONTANA, starting at $9850 
| ... $200 down, $97/month DM ty tag. b чта 

camping. Elk, deer, moose, bear to National 

Forests, near ‘established towns. velountone and Glacier 

National Parks nearby. GUARANTEED ACCESS, INSURED 

TITLE, WARRANTY DEED. FREE color procure, photos, 

maps. FULL MONEY-BACK GUARANTE 

CALL TOLL FREE 1-800-592-5990. 
TREASURE STATE уер 


210 Milwaukee Street, 
22". (406) BA 846-1000. 


Deer Lodge, Montana 59722 - 


GOVERNMENT HOMES. Delinquent 
tax property. Repossessions. Call 805-687- 
6000 Ext. GH-20025. for current repo list. 


CANADIAN COUNTRY 

Acreages for recreation, development, 
farming, fishing, hunting, investment, 
minerals, etc. OUR 72ND YEAR. Terms 
available. Titles guaranteed. Catalog air- 
mailed $1.00. DIGMAM CORPORATION, 
Dept. 481, 370 Dunlop St. West, Unit 807, 
Barrie, Ontario LAN 5R7, Canada. 


MOTHER NATURE DID НЕЯ BEST IN 
THE PACIFIC NORTHWEST. 5 to 100 
acres of nature's best land and homesites. 
Perfect for homesteading, outdoor sports, 
farming, or relaxing. We will finance you! 
Try us. Beacon Properties, Inc. 1-800-541- 
0828. In Wa. state: 1-800-572-0930. 


TOOLS & MACHINERY 


4" METAL Cutting Lathe $104.50. Taig, 
15048 Proctor, Industry, CA 91746. 


SMALL FOUNDRY Furnace. Sup e 
Free Literature. Pyramid Products. | 
M, 3736 South 7th Avenue, Phoenix, I 
85041. 


LATHES — MILLING MACHINES 
MACHINE SHOP SUPPLIES — TOOLS 


` Box 536-PS Hurricane, WV 25526 304-562-3538 


Uninet * Compact * Harina * Myford * Sherline * Alas = Jer 
REPRESENTATIVES OF MANY MANUFACTURERS 


Toll Free Number For Orders „6 


“SHARPENERS REPORT" Monthly 
Newsletter, Sharpening Guidebook, Angle 
Wall Chart, Free details. Skog Company, 
Dept. PS10, РО. 22559, Minneapolis, MN 
55422. 


BOLTS, SCREWS, TOOLS. WHOLE- 
SALE, DIRECT. Guaranteed. Catalog 
$1.00 (refundable). Camelot, Dept. 33, Box 
65, Bristol, Wisconsin 53104. 


BIG Savings On Chain Saw Chains. Free 
Catalog. J.D.T. Supply Inc. Box 1049, 
Springerville, AZ 85938. 


ILLUMINATED MAGNIFIER  Truple 
joined extension keeps both hands free 
Built-in light Ideal for work bench or office 
$8.95, Paul D. Kwiecinski, 381 Mowry 
Drive, Pittsburgh, PA 15236. 
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HOME CRAFTSMAN 


SAVE TIME AND MONEY with our 
NEW DIAMOND SHARPENER. 
It's CONVENIENT; attach to knife 
sheath, boat gunwale, BBQ, etc. 
BIG DIAMOND AREA, 6x34" SO 
EASY TO USE never have a dull 
knife again. LAST'S A LIFETIME. 
Put it in several places. MONEY- 
BACK GUARANTEE. Order now 
$9.95 ea., 2 for $16.95. add $1 for 
P&H to: The Sharpener, Dept. PS, 
Box 339, Chalfont, PA, 18914-0339. 


WOODCRAFT PATTERNS, Windmills, 
Wells, Bird Houses, Whirligigs, Jigsawing. 
Catalog $1.00. 11840 North US. 27, De 
Witt, MI 48820. 


MAKE WOODEN TOYS, whirligigs, 
classic autos, swing sets, doll houses, 
crafts, furniture with our plans, parts, kits, 
supplies. Color catalog subscription $1. 
(614) 484-4365. Cherry Tree Toys, Bel- 

mont, OH 43718-0369. 


FOR THE HOME 


| THOUSAN MORE WHEN 
SELLI NG YOUR HOME! 35 Pages of Tech- 
niques for Selling/Improving Your Home. 
Tips on quick fixes, sales techniques 
and dealing with brokers. $5/$1 P&H. 
Satisfaction guaranteed. AdSoft Enter- 
prises, Box 253-PS1, Newton, MA 02159. 


- MISCELLANEOUS. 


MAIL CALL SIGNAL 

: Blaze Orange Flags 
rame Black PVC plastic 
ra parts fit any box. 

A Screwdriver only tool 


U3 | required. $4.95 + 


ДЕ mate | $125 ран Tells you 
| mail has arrived 
MAIL CALL. 
_| Rt, Box 


Ellsworth, МЕ 04605 


FREE INFORMATION how to attain 
financial freedom in your spare time. 
Guaranteed. LaDawn Со. 620 E. Empire 
Drawer GG Cortez, Colorado 81321. 


DRIVESAFE! 
IT could save your life! For more informa- 
tion Send $2.00. Check or Money Order to: 
R&I Enterprises, Р.О. Box 238, Fredericks- 
burg, VÀ 22404. Refundable with order. 


BLACKJACK Win consistently covers 
the odds and shows expert strategy. $5.00. 
P.O. Box 118, St. Thomas, Ontario Canada 
N5P 3T5. 


PLASTICS 


CASTOLITE Liquid Resins and Molding 
Supplies to cast, embed, coat, fiberglass, 
repair and reproduce; in industry, labora- 
tories, craft work. Catalog $2.00. CASTOL- 
TET Dept. 87M/PS, Box 391, Woodstock, IL 

98. 


OF INTEREST TO ALL 


MESSIAH PHOMISED LIFE TO THE 
OVERCOMER. Send for your free copy 
of "The Psychology of Purity & Chas- 
tity" to: Schizophrenics international, 
RO. Box 50456, Ft. Worth, TX 76105 


COLLEGE SCHOLARSHIPS Avail- 
able! Everyone Eligible. Guaranteed. Free 
Info Packet. Shelton Associates, Box 9016- 
PS, Newark, NJ 07104. 


DON'T understand Income Тах 
Changes? Feel you might need help? 
Details $3.00. Hale, 3817 Atlantic #125, 
Long Beach, CA 90807. 


ADD 5 IMPORTANT FEATURES to your 
home TELEPHONE. SASE. 805-583-4272. 


B&M Engineering, Box 823, Simi Valley, | 


CA 93062. 


WORLD'S FIRST TALKING WATCH! 
AMAILABLE NOW! With Alarm And 
Snooze that says “Please hurry ор. ' Order 
W. Sedon Weeks C 'ompany, Р.О. Вох 3492, 
, dona, AZ86340. $69.95ppd. Free 

etails 


WITCHCRAFT 


HARNESS ITS POWERS 
Understand the old Religion 

The Force and the consensus 

reality Gavin & Yvonne Box 1502Р5 
Newbern NC 28560 


INCREDIBLE 


NIGHT VISION 


AN/PAS-5 IR 


ro w= GOGGLES 
Y Lets You See 
Them . But 
Can't See You | 


Fantastic value on it just released Israeli Army 


Infrared Night Vision Goggles. Turn night into day 


— see where others can't! Complete with A 

IR goggles, mercury battery, case, 110,000+ 
candlepower rescue light & matching 442" concave 
IR filter (li (light source), built-in close-up lens 
assembly, head strap for hands free use, & 
operating manual. Night Vision equipment can cost 
$Sthousands; here is your chance to own top 
quality Israeli Military surplus for just $398.00 
postpaid. Money back guarantee. Send $1.00 for 
more info; to order send $398.00 check/money 


order 10: GUARDIAN COLLECTION 


Dept. PS, Caller Box 418310, Kansas City, MO 64141 
Tel. (816) 221-3581. 


COSTUME CATALOG Santa 
Halloween, Easter, Animal Cos- 
tumes, Masks, Hair Goods, Hats, Make- 
up, Accessories. O'Byrne Costumes, 80155 
Castor Avenue, Philadelphia, PA 19152, 
(215) 342-2808. 


SENTHY SAFE Features fire safe secu- 
rity files, that's UL rated to keep papers 
safe for up to Y2 hour in temperatures as 
high as 1500 degrees farenheit. For free 
catalog write to all seasons gifts. PO. Box 
91779, Long Beach CA 90809-1779. 


HOLOGRAM Beautiful 6"x6' 3D Image. 
$2.00. ЈЕВ, РО. Box 2712, Huntington 
Beach, CA 92647. 


Pay Off Your Mortgage Early Send $2.00 
For Kit. РО. Box 585, Fairview, NJ 07022. 


NEED a cash loan fast? Write: Nathan, 
POB 4331, Pueblo, CO 81003. 


SUNGLASSES Carrera Ray-ban dis- 
count prices, Free Catalog. 1-800-225-9642 
Nat. 1-800-648-0646 FLA. 


BUSINESS OPPORTUNITIES 


NEW Discovery in Battery recondition- 
ing. Eighteen months guarantee! Means 
Big Profits Fast! Electoan, 7415 Gable Dr. 
Little Rock, AR 72205. 


$100 POUND From "Junked" Tires. 
(Stamp Appreciated). LaVallees, Foun- 
tain, FL 32438. 


IMPORT-Export opportunity, profitable 
world-wide, mail order business from 
home, without capital. We ship plan for no 
risk examination. Experience unneces- 
sary. Free Report. Mellinger, Dept. A269C, 
Woodland Hills, California 91367. 


BUMPER Sticker Printer. Cheap, Sim- 


FHEE 
Claus, 


ple, Portable. Free details Bumper, POB 


22791 LLC), Tampa, FL 33622. 

LEARN MIRROR RESILVERING, Free 
Information. Silvercraft, Box 127, Lans- 
downe, PA 19050. 


ALUMINUM SCRAP-Recycle Yourself- 
MAKE $25.00/POUND! Free Informa- 
tion: Industrial-PS710, Box 127, Alexan- 
dria Bay, NY 13607. 


REPAIR HYDRAULIC JACKS — Free 
details. Hydraulic Parts Supply, Dept. S, 
Box 4157, Brownsville, TX 78520. 


RECYCLE METALS. NO, NOT BEER 


CANS! Easy $458 weekly! Free informa- 


tion, Hornsby's, Box 1214, Franklin, TN: 


37065-1214. 


MAKE HOMEMADE BOOKLETS. I'VE 


EARNED $187,000 WITH MINE. MONEY 
NEVER STOPS! Free information: Dasher, 
PO. Box 1039, Gatlinburg, TN 37738. 

ADVERTISE free in 507 Magazines. 
$5.00. Directory, Box 11W, Atlanta, GA 
30301. 


MECHANICALLY inclined individuals 
desiring High Weekly Profits operating 
Small Manufacturing business Without 
Investment write: Businesses, 92-P Brigh- 
ton llth, Brooklyn, NY 11235. 


$192.00 FROM Square Foot Plywood 
(Huge Demand), Revealing Proof 50¢ 
(Refundable), Woodwins, Bridgewater, MA 
02324. 


$40,000 ON1/3 ACRE! New hydropon- 
ics—inexpensive, pleasant, practical! Free 
information. Planter's, Box 1214, Franklin, 
TN 37065-1214, 


SPARE time fortune in Vinyl Repair. 
Huge demand creates exceptional profits. 
We supply everything. Details free. VIP, 
2036 Montrose, Chicago 60618. 


$1,000 weekly mailorder. Immediate 


sca ie No obligation. Enterprise, 210 
Ich-PS, Ames, [A 50010. 


SCREEN Print T-Shirts. Inex 
kits. Free Details. "T-Printer" PO 
(LLC), Tampa, FL 33623. 


MAKE BIG MONEY REPAIRING WIND- 
SHIELDS, & Plate Glass! Up to $60,000 
yearly! Call TOLL-FREE for Valuable 
FREE report. +800-32-2597. Glas- 
Weld Systems, Box 5755-C10, Bend, OR 
97708. 


$40 - $108/hour. Restore Damaged 
Countertops WITHOUT REPLACEMENT. 
Millions of apartments, homes pay profits 
immediately! Free Information. RENEW, 
PO. Box 9900-SS, Vancouver, WA 98664. 


PROFITABLE Gold Foil Printer. Person- 
alize business cards, pencils, matches. Free 
Details. Gold, POB 24986 (LLC), Tampa, 
FL 33623. 


MAKE BALLOON ANIMALS. 5100 
Weekends! FREE SAMPLES/INSTRUC- 
TIONS: Funnymans—PS710, Box 250, 
Alexandria Bay, NY 13607. 


GET RICH!!! Secret law sm ashes debts— 
npa cash credit! Details FREE! Wealth- 
Kit-S, Box 4036, Pompano, FL 33063. 


GET RICH using OTHER PEOPLE'S 
MONEY!! Unique—amazing business! 
Details FREE! Finance-S, Box 4605, Mar- 
gate, FL 33063. 


$25,000 LOANS INTEREST FREE! 
Secret Federal law WIPES OUT PESTS!! 
Details FREE! Money wise-5, Box 636679, 
Margate, FL 33063. 


PIANO TUNING PAYS: Learn with 
approved home study course. Diploma 
granted. American Tuning School, 17050 
Telfer Dr., Morgan Hill, CA 95037. 


SCWL Subliminal ‘Tapes Wholesale: 
Write: Life Enhancement, 811 Moulin, 
Madison Hgts.. MI 48071. 


SIVE 
23991 


LEARN Piano Tuning. Big Profits! 


Empire School, Box 1014Р5, Jupiter, FL 
33468-1014. 


MILLIONAIRE Mailorder Expert 
Reveals Money-Making Secrets. Free, 
Exciting, Hour Cassette: Melvyn Powers, 
No. Hollywood, CA 91609. 


CONCRETE Block Machinery: Catalog 
$1.00. Route One, Box 3740, Rapid City, 
South Dakota 57702-3740. 


$15,000 MONTHLY INCOME! Казу 
Moneymaking Plan. No Investment. 
Se il М, Box 5529 Diamond Bar, CA 


MAKE YOUR DREAM COME TRUE. 
EARN $60,000 YEARLY REPAIRING 


SMALL CRACKS IN WINDSHIELDS | 


NOT REPLACING THEM. CALL TOLL 
FREE 1 (BOO) 826-8523 OR WRITE: 
THE GLASS MECHANIX INC., BOX 
17693, PLANTATION, FL 33318. 


RECONDITION BATTERIES. Easily 
Earn Hundreds Weekly. Untold Secrets. 
Free Information. Battery Outlet, Box 
3300-5, Hickory, NC 28603. 


TRIAL subscription absolutely free. 
Send name, address, zip to: Spare Time 
Money Making Opportunities magazine, 
Dept. D-107, 5810 W Oklahoma Ave, Mil- 
waukee, WI 532189. 


NEW PRODUCTS NEWSLETTER. 
Exclusive opportunities. Free information. 
International, Box 636-PS, Newark, NJ 
07101. 


LITTLE KNOWN SECRET REVEALED 
1B шу Dirt Cheap - Automobiles, 
Trucks, Vans, Boats, Furniture, 
p Stereos, Appliances & TVs --- 
[| thousands of othar items тее e 
- їп narcotics raids — 


` MAKE Rubber ‘Stamps. Highly Profit- 
able Business. Free Details. Stamper, POB 
22809 (LLC), Tampa, FL 33622. 


LEARN Gold, Silver Scrap Recycling 
Business. Free Information: Recycling, 
Box 11216P5, Reno, NV 89510-1216. 


LEARN VACUUM CLEANER REPAIR 
Start Small Grow Big. Shop Tips Supplier 


Lists And How Тоз $5.00. Sass, Box 1057, 
Sumter, SC 29150. 
TAKE (Catalog Orders. We drop-ship 


2955 hest-selling specialty products. Low- 
est below wholesale prices. Immediate 
delivery. Spectacular home business oppor- 
tunity. Free Book. SMC, 9401 De Soto Ave., 
Dept. 28-82, Chatsworth, CA 91311—4991. 


NEED MONEY $$$, Think Mailorder! 
Its easy, FREE Information. Highlander 
Co., Box 29029, Dept. 3C, Parma, OH 
44129-0029. | 


FREE REPORT on owning your own 
vending business. High profits. C.L.V. Co., 
РО. Box 5473, Pawtucket, RI 02862. 


PRO'S CLOSELY GUARDED 
SECRETS! Mailorder Bookselling. 1000% 
Profit. Free Report. Premium, Box 1621- 
B3, Spring, Texas 77383. 


AMAZING Homemade Money! GUAR- 
ANTEED Program. Free Information. 
PE.S.E., Box 311CC, Jackson MI 49204. 


$4,000 CASH IN 48 HOURS! Outra- 
geous profits. Not MLM, mail-order. New - 
Unique - Guaranteed! Free details: WMC, 
Box 30169-A, San Bernardino, CA 92413, 


GET RICH! Zero Investment! No Bor- 
rowing! Free Details! Money, 6520 Selma, 
#32297, Los Angeles, CA 90028. 


EARN $50-$1,000 WEEKLY with Ven- 
triloquism! Train at home. Details Free. 
Maher, Box 420-PS, Littleton, CO 80160. 


14,947 HONG KONG, Taiwan 
PRODUCTS CHEAP Small lots. Some 
samples free. Harbor, Box 1719-P5-10, 
Yuba City, CA 95992. 


PROJECTION TV.. Make $$$'s assem- 
bling Projectors.. Easy.. Results compara- 
ble to $2,500 projectors.. Total cost less 
than $30.00.. PLANS, 8" LENS & Dealers 
Information $20.50.. Illustrated informa- 
tion FREE.. Macrocoma-abx, Washington 
Crossing. Pennsylvania 18977. Creditcard 
orders 24 HRS. (215) 736-2880. 


$24,000 IN YOUR BACKYARD. Spare- 
time growing profitable specialty plants. 
Easy—start with $50. Free information. 
Homestead Growers, Box 988-PS, Friday 
Harbor, WA 98250. 


MAILORDER Buyers! All Categories. 
Fresh Names in Zip Code Order. Guaran- 
teed Deliverable! For Details Rush Sase. 
To: Newsome Enterprises, 4900 Glenmere, 
Dept. PS-10, North Little Rock, AR 72116. 


AUDIO-AD, new concept in advertising. 
HUGE PROFITS! Information $3.00. 
L.E.I., 3800 Haggin St., Bellingham, WA 
98226. 


FREE! Start your own homebased Manu- 
facturing Company. Many affordable 
opportunities. (Turn sparetime into life- 
time Success.) Write: OwenCorp, 771Р5, 
Battle Ground, Washington 98604. 


$1000's WEEKLY mailing. Free infor- 
mation. Stamped envelope: Progress, Box 
93248, Los Angeles, CA 90093. 


YOUR OWN BUSINESS on a 
shoestring! Amazing cash profits daily 
cleaning chimneys. Big demand. Cash in 
now. $500 weekly possible sparetime. 
Exclusive equipment System cleans most 
chimneys within one hour from inside the 
home. $55 + per chimney. Giant Informa- 
tion Kit FRE É! August West Systems, Inc., 
38 Austin Street, Dept. 4243, Worcester, 
Massachusetts 01601. 1-800-225-4016, 
Ext. 555. 
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BUSINESS (cont.) 


GET RICH! Small investment destroys 
debts. Free details. Aaron Rice, 17808 
Sherman Way 229, Reseda, CA 91335- 
2227. 


„9000 MONTHLY Taking Photo 
aphs at Home! Call recorded message: 
(30. ) 674-8155. 


21241 PRODUCTS from Taiwan, 
HongKong, and The Philippines. Dirt 
ү ор. Box 136 FREE DETAILS. Write: Hill- 

ox 1364-P1, Chula Vista, CA 92012- 


MAILORDER Opportunity: Start 
profitable home business without experi- 
ence or capital. Information Free. Mail 
Order Associates, Dept. 62, Montvale, NJ 
07645 


MAKE $7,000 monthly as Loan Broker 
without investment/experience. Financial 
#PB-9, Box 4309, West Covina, CA 91791. 


WRITE REPORTS. Earn 
$3,000 monthly! Details: Hartwick House, 
Box 348, Port Orford, OR 97465. 


MAKE $1,000,000.00! Incredible history 
making ертш New! Free details: 
113 Woodlawn, POB 1663-207, Mattoon, 
IL 61938. 


START Wholesaling from scratch 
...Dropship! Imports! Freebies! Samples! 
Catalog $1.00. JB Products, Box 41429 
(8C710), Chicago, IL 60641-0429. 


BE INDEPENDENT, MANAGE YOUR 
OWN SUCCESSFUL BUSINESS. For 
free information, write: A&O Distributors, 
Р.О. Box 375, Springdale, AR 72765. 


$200 - $500 weekly - AT HOME! No 
immicks - Details FREEI! Homeworkers- 
‚ Box 636679, Margate, FL 33063. 


POWER WASH RESTORATION Trade 
Secrets Earn Thousands Weekly Free 
Details. Surface Maintenance Inc., 445 
36th St., Pennsauken, NJ 08110. 


PERSONAL COMPUTER OWNERS 
CAN EARN $1000 to $5000 monthly offer- 
ing simple services part time. Free list of 
100 services. Write: A.I.M.L.C., Box 60369, 
San Diego, CA 92106. 


MAKE BIG MONEY writing, selling 
SIMPLE information. Guaranteed. Book- 
let 50¢. Unique Booklets, Box 2445, Port 
Hardy, BC, VON-2PO, Canada. 


ALCOHOL Still. Build your own. Plans 
Available. Simple. Easy. Legal. Free 
Details. Write: Still, Box 5242. Lake 
Charles, LA 70606. 


MAKING EXTRA MONEY MADE EASY. 
FREE Subscription to Opportunity Maga- 
zine offers hundreds of proven ways. Write: 
Opportunity, Dept. L09, 6 N. Michigan 
Avenue, Chicago, IL 60602. 


BUILD Natural Material. Waterproof, 
fireproof, attractive. Bays Laboratory, Ce- 
daredge, CO 81413. 


MAKE Money Buying Used Cars. Imme- 
diate Part-Time Opportunity! Free Mone 
Making Report. Automoney, 1298- 
Somm, Cleveland, OH 44124. 


SELF MADE MILLIONAIRE Reveals 
Mail Order Secrets FREE Details: Bosco 
a Box 55505-510, Houston, TX 

7255, 


KISS THE BOSS GOODBYE!!! 
Get Rich. Home Business. Free Details. 
Broadmoor Enterprises, 1215 E. Broad- 
moor, Loveland, CO 80537. 


HOBBIES & COLLECTION 


MILITARY Medals Catalogue $1.00. Sub- 
scription $6.00. Vernon, Box 1387PS, М. 
Bal win, NY 11510. 


CIVIL 


CRAFTED BATTLEFIELD 
FINDS. Catalogue $5. Research, 231 West 
121 St., Norfolk, VÀ 23517. 


| LEATHERCRAFT CATALOG. Over 2000 

items. Largest selection available of genu- 
ine leathers, tools, kits, books, supplies. 
Fine upholstery, utility, arment leathers, 
suedes, exotics. Belt, wallet, moccasin kits 
nd more. Low prices, quantity discounts. 
nd $1.00 pstg/hdlg; Tandy Leather Com- 
ny, Dept PS1087C, PO. Box 2934, Fort 
orth, TX 76113. 
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THE SCALE COUPLER 
` in HO Scale Model Railroad Joumal | 
AT LAST THERE'S A 
| MODEL MAGAZINE FOR YOU 
SEND 3% FOR A SAMPLE COPY TO: | 


P.O. BOX 7032 
FAIRFAX STATION, VA 20039 


[5 GALLON PIGGY'S 


BOX 540051 
ORL. FLA 32804 


THROW YOUR, 
VOICE 


х HANDSHAKE 
MI SHOCKER | 


Е : HOLLYWOOD 
compass L]|nLoob „ып 


IE || MINI PLAYING "H 


o ار‎ i 


F. 0 
: ORDERING INSTRUCTIONS: . 


m m 
Draw an X€ in the boxes you want Or write ona E 


separate niece of paper = 
L] Order 3 ar More and get FREE GIFT. 
1 О Order 6 or More, pay only 75€ each, d 


ge! 2 FUNNY FREE GIFTS! $ 
ПАН 17 for only $10; with 3 FUNNY FREE GIFTS. В 
O Add $1.00 lor postage & handling. Ы 
FREE CATALOG. >= FAST = SERVICE. SEND TO: 
* BRAD'S FUN SHOP, DEPT.1205 * 


L Р.О. BOX 70, ANN 5T., STBG., РА 18360 
ITI III 


SAVE! 


Cars & buggies 
e General hobbies 
®Ready-to-go boats & planes ф 
e Science equipment A 

* Trains 
Top quality, name brand items, from mail 
order specialists for over 14 years. 


ud smste u 
andar D 
Box 736, Dept. 5-1 
Mahwah, N.J. 07430 


SUPER DISCOUNT 
CATALOG. € 


& GM 


KITS OR ASSEMBLED 


Colored Catalog. Specs. Tractors, 
arine, Engines 


Trains, Limousine, 1 
& Accessories. $4.95 relundable) 


Circular $1.00 Steam 
32 colored pgs. $4.35 


LARGE DISCOUNTS. 
DIAMOND ENTERPRISES 


Dept. PS9, Box 537, Alexandria Bay, NY 13607 
Phone: (613) 475-1771 


ower Book 


ANTIQUES 


ANTIQUE APPARATUS RESTORA- 
TION. Repair and or Replacement Parts. 
Toys to Tractors. (915) 366-1000. PSM Co., 
2424 W 46, Odessa, TX 79764. 


PATCHES DECALS & BADGES 


GUARANTEED Lowest Emblem Prices! 
Pins. Decals. Free Catalog/Quotes. Stadri, 
61R Jane, NY 10014. (2123 929-2293. 


BETTER HEALTH 


| | CONQUERED HEART ATTACK. | 
| Got healing method for blocked ar- 
| teries, chest & arm pain, leg cramps, 
blood pressure. GET POWER- 
FUL INFORMATION. | quit doc- 


health— Painless relief plan. 
WRITE for DETAILS. Survival- 
20, Box 3256, Austin, Texas 


STOP SMOKING instructional MAN- 


UAL.Send$2.00.SMOKERS RECOVERED, 
310 Oak Glen Cir, Johnson City, TN 


37604. 


DISCOUNT Eyeglasses Catalog, 4712 
Avenue "N" #160, Brooklyn, NY 11234. 


SMOKING: Proven stop method without 
stress. Send $2.00. Smoking, 2509-25, Ave. 


Regina, Saskatchewan, Canada 545 4Е8. 


LOSE  WEIGHT/STOP SMOKING, 
Permanently Details $1.00. Hypnotherapy 
Institute, Box 188P, Mt. Pocono, Pennsyl- 
vania 18344, 


HEARING AIDS 


HUGE SAVINGS. Eliminate dealer 
markup. Free Trial. Batteries wholesale. 
Terms Arranged. Lloyds-PSC, Rockford, IL 
61104. Call 1/800/323-1212 Toll Free. 


HEARING AIDS 


'/» PRICE CATALOG FREE! 


Ё SUPER SAVINGS! Newest. Finest. All 
T. E DIRECT & save up to HALF! 

lesmen. Sold by AIR MAIL on HOME 
^ TRIAL FREE Catalog. Write: 


| MONEYSAVERS, 


530 L А 
L] БЕР аы: Cal 91 343 angie eve 
SATELLITE TV 


CABLE T.V. EQUIPMENT 


JERROLD (*450" DRZIN, DRZID, DAZ), 
SB-3, HAMLIN, OAK N-12, M-35-B, MAG- 
NAVOX, SCIENTIFIC ATLANTA, ZENITH, 
AND MORE. (QUANTITY DISCOUNTS) 
60 DAY WARRANTY. FOR FAST SERV- 
ICE C.O.D. ORDERS ACCEPTED. SEND 
S.A.S.E. (60 CENTS POSTAGE) OR CALL | 
FOR INFO. (312) 658-6251 


CHANNELS UNLIMITED 
214 N. MAIN STREET 
ALGONQUIN, IL 60102 


NO ILLINOIS ORDERS ACCEPTED 


DESCRAMBLER: Build your own de- 
scrambler & watch Videocipher II Satellite 
TV picture signals. Simple & inexpensive 
circuit board & instructions $35.00 (US). C 
À Comeau, Box 1327, Halifax North, N.S., 
CANADA B3K 5H4. 


VIDEO 


Multi-Channel Microwave 
: „М. Receivers 


19.276Hz Parabolic Dish 40+ dB Gain 
LIFETIME WARRANTY 


Com рив System 589 95 (Shipping Incl | 


E Eme Companants 
xpert Repairs Available 


K & S ELECTRONICS 


Р.0. BOX 34522 
PHOENIX. AZ 85067 


Far Dealer Rates Call 602-888-4080 


Call now for game 
day shi ! 


VISA/MC/COD 


VIDEO MOVIES. Bargains! Giant cata- 
log-directory $3.00. Tower, Dunkirk, MD 
20754-0213. 


CABLE TV CONVERTERS. Scientific 
Atlanta, Jerrold, Oak, Zenith, Hamlin. 
Many others. “New” vono HOPPER 
“The Copy Killer". Visa, M/C & Amex 
асгер. Toll Free 1-800-826-7623. 

Inc. 10517 Upton Circle, Blooming- 
ton, MN 55431. 


COPYGUARD CORRECTOR stops 
rental-movie flashing, jitter. colorshift. 
Connects between VCRs. Satisfaction 
guaranteed. $49.95 + $4 handling. 1-800- 
367-7909. 


RADIO/TV 


POLICE Scanners, Regency, Bearcat, 
Panon: HPR, Box 19224PS, Denver, CO 
21 і 


RARE Records, All Kinds, Free List. Bet- 


te's. РО. Box 6453, Louisville, KY 40206. 


LEVITATOR 


he law of gravity 
as been defeated 
ith the Levitator, 


ecause seeing 
5 believing! No 
105 no strings 


x involved, yel 
fa metalic ball is 
uspended in mid 
заг beneath ап 
arch А great conversation starter for house or 
office. The Levitator will amaze everybody as 
it defies the most basic law of nature. The 
| evitators beautiful chrome finish & decorative 
сле (12° tall) will enhance any rooms decor 
$79.95 shipping add $4.57. All products are 
ready to use and guaranteed. Call or write for 
your free catalog. 402-554-0383. Orders only 
call toll free 1-800-624-1150 
United Imports & Mfg. 
6846 Pacific St.. Omaha, NE. 68106 


QUALITY HIGH-TECH WATCHES! 
Talking Solar, Databank, Recorder, Calcu- 
lator, Pulse/Calorie Monitor, MORE! AM 
Radio Digital & Headphones: $12.00. Cat- 
alog $1.00. FVA Technology, 285 Wilkins, 
London, Ontario, N6C 5C1. 


STEREO WORLD, DISCOUNT AUDIO, 
VIDEO and CAR STEREO. Send or Call 
for FREE catalog! PO. BOX 709, Edison NJ 
08818. (201)-494-0099 FREE shipping! 


CABLE EQUIPMENT 


CABLE TV SECRETS - the outlaw publi- 
cation the cable companies tried to ban. 
HBO, Movie Channel, Showtime, Des- 
cramblers, Converters, etc. Suppliers list 
included. $8.95. Cable Facts, Box 711-PS, 
Pataskala, OH 43062. 


CABLE TV Descrambler Plans $3.00. 
Stevens-PS, Box 20286, Bowling Green, 
KY 42102. 


BODY BUILDING 


can help you 
ж add inches to your 
chest and arms il 
* increase 

: strength 

* build muscle mass ij 
in just days! 


Send for FREE info! 
DASH · PO Box 2888 + Dept. PS 107 


шш USC, AL 35403 1-800-367-9599 = 
О к ү т ут у HEN ee ee | 


$ MUSCLES 
er How to Build A More 


POWERFUL BODY!! 
. How YOU can have: | 
"Wider Shoulders *Bigger Arms | 
*Powerful Chest *Lose Fat 
*Trimmer Waist * Gain Weight 
. "(Gain Strength 


| FREE BOOKLET! | 


— Dept-T, Box 6694 
Detroit, Michigan 48240 


FOREIGN PERIODICALS 


WORLDWIDE ENGLISH NEWS- 
PAPERS/MAGAZINES! Sampler: 4/$2.98. 
FREE BROCHURE. MULTINEWSPA- 
PERS, Box DE-30, Dana Point, CA 92629. 


JOKES & NOVELTIES 


FOOL YOUR FRIENDS, Send name 
address, We will send picture post card 
from Washington, D.C. or with s.a.s.e. We 
will forward letters, $2.00 each. B3, PO. 
Box 1881, Herndon, VA 22070. 


FREE Catalog! Things you never knew 
existed! 1600 Novelties, Jokes, Science, 
Hobbies, Suprises. Johnson-Smith, F-03, 
Bradenton, FL 34203-3796. 


PRANKS/Magic Catalog. 25e. Garner's, 
1085 5th NE, Salem, Oregon 97301. 


ELECTRONICS, STEREO HI FI | 


j 


BUY IT WHOLESALE 


CLOSEOUTS! Wholesale! Overruns! 
Freebies! Information (stamp): DDN, Box 
20152-G, Ferndale, Michigan 48220. 


WHOLESALE PARTS for lawn equip- 
ment, Minibikes, Karts, Chainsaws, Small 
Engines. Quality products. Send $3.00 for 


‚ full line catalog. GRP Parts, РО. Box 


45245, Dept. ©, Somerville, MA 02145. 


400,000 BARGAINS Below Whole- 
sale! Many Free! Liquidations.. 
Closeouts! .. de Lots... Single Samples. 
Free details. Worldwide Bargainhunters. 
Box 1409-B, Holland, MI 49422. 


Е, HONG KONG, TAIWAN 
Listing 11,000 suppliers, 
20,000 products. Buy Direct. Information 
$1.00. Merrick Distributing, Box 274Р, 
Merrick, NY 11566. 


297 WHOLESALE JEWELRY 
SOURCES. Listed and described. Order 
now $3.00. SATISFACTION GUARAN- 
TEED. Hilltop Directory, Вох 1364-11, 
Chula Vista, CA 92012-1364. 


FREE BELOW WHOLESALE CATA- 
LOGS— 15,000 Pages! 500,000 Amazing 
Bargains Photo тарлы Information: 
Intercontinental, Box 18628, San Antonio, 
Texas 78218-0628. 


SCIENCE & CHEMISTRY 


FREE SCIENTIFIC SUPPLIES and 
CHEMICAL CATALOGS. R.J.M. Labora- 
tories, Inc. presents its latest catalogs con- 
taining scientific laboratory equipment, 
supplies, chemicals and a complete line of 
specialty laboratory glassware. Write 
today for your FREE catalogs: R.J.M. Labo- 
ratories (D, РО. Box 1149, Santee, CA 
92071. 


ANATOMICAL CHARTS, MODELS, 
SKELETONS, $1.00 Catalog. CHARTS, 
7124 North Clark, Chicago, IL 60626. 


1987 CATALOG, 200 pages. Chemistry, 
Biology, Physical & Earth Science, Nature, 
Dinosaurs and much more. 
professional. $2.00. Merrell Scientific, 
1665 Buffalo Rd., Rochester, NY 14624. 


MAIL ORDER SCIENCE STORE 
Reagent chemicals, Laboratory apparatus, 
large Inventory. Same day shipping on all 
mail and phone orders. Over the counter 
sales. Call for Free 1987 Catalog, DFW 
CHEMICALS, INC., 214-968-6666 
(Texas.) 


“EXPERIMENTERS” LABORATORY 
CHEMICALS - GLASSWARE, Catalogue 
$1.00. Established: 1953. HAGENOW 
LABORATORIES, 1302 Washington, 
MANITOWOC, WISCONSIN 54220. 


directories. 


` 225 PAGES! 1988 Glassware, chemi- | 


cals, equipment, books, experiments, 
DINOSAURS and charts! Most compre- 
hensive catalog offered by anyone in this 
column. Established 1970. $3.00(US! 
REFUNDABLE. Analytical Scientific, 
11049 Bandera San Antonio, TX 78250. 
(512) 684-7373 VISA. 


LABORATORY CHEMICALS AND 
GLASSWARE. Send $1.00 for full Catalog 
of supplies. каз. 3, Box 491-A, Мат- 
ion, C 28752 


EMERALD CITY CHEMICAL INC. We 
Supply Your Chemical And Equipment 
Needs. National Tel: 1-800-431-5511, 
Washington Tel: 1-800-562-6794. Order 
Directly Or Inquire About Reference Cata- 
logs. 1409 E Madison, Seattle, WA 98122. 


LABORATORY EQUIPMENT AND 
CHEMICAL CATALOG, 1162 pages. Major 
Manufacturers Catalog, $15.00 Visa and 
Master Charge Me ted. Industrial 
Chemical & Su o., Inc. 11722 
Charles Street, aea, Texas 77041. 
(713) 466-8776. Texas Wats Line 1-800- 
392-4047. 


GOV'T SURPLUS 


NARCOTICS RAID SEIZURES 
Autos... Vans... Boats .. Airplanes... Millions 
Surplus Bargains „ тапу 1% original cost! 


"Nationwide Sales Directory —$3.00. Dis- 


posal, Box 19107-FX, Washington, DC 


20036. 


GOVERNMENT SURPLUS. How to pur- 
chase Jeeps, Trucks, Tools, Furniture, 
Electronics in your area. Information 24 
hours, 602-964-3231. 


Beginner to | 


BOOKS & MAGAZINES 


FAMILY Bibles - Beautiful Bible Stories, 
Taped Bible Cassettes. Details $2.00. Brid- 
ges, Box 5460, Hollywood, FL 33083. 


PUBLISH Your Book! Join our success- 
ful authors. All subjects invited. Publicity, 
advertising, beautiful books. Send for fact- 
filled booklet and free manuscript report. 
Carlton Press, Dept. PS, 11 West 32 Street, 
New York 10001. 


SEND for "Laugh Time U.S.A." А new 
monthly humor newsletter. $1.00 - Max 
Miller, Box 42303PS, Philadelphia, PA 
19101. 


TEACHER TRICKS - Handbook for 
teachers. $5.00. 1909 Sunset Dr., Walla 
Walla, WA 99362. 


INDEXES to POPULAR SCIENCE 
available: For any year back to 1972 (thru 
1986). Individual index $1.75, any five for 
$5. Send to: POPULAR SCIENCE 
INDEXES, Box 2017, Latham, NY 12111. 


SELLING your home? ГІ Guarantee an 
increase value bv following my advise. 
Twenty years, experience. My comprehen- 
sive manual is better than a personal con- 
sultation. Costs only $4.95. Brownell, 
6888-A N Tranquility, Sacramento, CA 
95823. 


ELECTRONIC HOUSE. Bimonthly 
magazine covering smart houses, inte- 
grated electronics, security, energy, sen- 
sors, more. Send $14.95 for one year 
subscription to: Electronic House, Dept. 
PS, 524 E. McKinley, Mishawaka, IN 
46545, (219) 256-2060. 


A bi-monthly 
magazine with 
plans/instructions 
for metal-working 
projects you can 
build. $78.50 per 
year (Check/M.0.). 
With charge card 
=  — ee toll- free. 


THE Machinist HOME SHOP St. 


„Ма or write 
The Home Shop Machinist, Box 1810-A5 
Traverse City, MI 49685 


MOWEY-BACK GUARANTEE 


FREE BOOKS, MANY SUBJECT, CAT- 
ALOG and FREE HOTEST HOME BUSI- 
NESS BOOK SEND $2.00 Postage & 
Handling to: Press Overruns, РО. Box 349, 
Frederica, DE 19946. 


A monthly magazine  EMEE 
with plans/instruc- | 
tions for stear- к 
powered machining 

| projects, including 
locomotives you 


can ride! 


Charge card call toll-free 


| 1-800-447-7367 or write 
| Live Steam P^. Box 629-A5 
Traverse tiy, ıı 49685 
MONEY-BACK GUARANTEE 


| $26 (USA) per year check or money order 
| 


SONGWRITERS 


POEMS-SONGS WANTED. Free Pub- 
lishing/ Promotions. Broadway Music, Box | 
7438-PS, Sarasota, FL 33578. 


MUSICAL INSTRUMENTS 


INTERNATIONAL VIOLIN COMPANY, 
Catalog for instrument makers, repairers. 
Imported tonewood, tools, varnishes, parts, 
accessories, strings, cases. European 
instruments. Bows. Assemble yourself vio- 
lin and guitar kits. Catalog $1.00 includes 
10% discount certificate. Dept. LV, 4026 W. 
Belvedere Ave., Baltimore, MD 21215. 


| Computers. 


COMPUTERS 


Ti-99/4A Software/Hardware bar- 
gains. Hard to find items. Huge selection. 
Fast Service. Free Catalog. Enterprises, 
Box 690, Hicksville, NY 11801. 


ATTENTION PARENTS: Use your com- 


uter to give your child a learning edge. 
ee details. EduSoft Research, 620-B 
Flora St., Prescott, Arizona 86301. 


XT/AT COMPATIBLES, DOS 3.2 plus 


Software Pack. FREE MOUSE with orders 
before Christmas. Information, S&S COM- 
PUTER SERVICES, 6069 Old Canton Rd., 
Dept 3115, Jackson, MS 39211. 


BLACK MAX: THE ALL-AMERICAN JOYSTICK. 
Big grip-style handle, stick-mounted fire button, high 
impact polymer construction, heavy-duty shielded 
cable for minimal screen interference, designed for 


| handheld or tabletop use. Рог С Commodore Ami- 


M 64™ 1287М and Vic 20™: Atari” 26001M, 


| 520ST1M. 4007M, 800TM, &00XLTM, BOOXLTM, 
1200XLTM computers; Sears Arcade Game; and | 
other video game/home computer systems. Only | 


$9.95 ppd. 
FROST COMPUTER 
Box 2573 СМЕ, Woburn, MA 01888. 


COMMODORE Chi &' Authorized Re- 


air. Low Prices, send tor catalog. Kasara 
Ticrosystems, 33 Murray Hill, Springval- 
lev, NY 1097 7, 1-800-248- 2983. 


SOFTWARE, IBM, compatible, or A ple 
less than $4.00 disc, send stamp for Cata. 
log. PSCa, Box 1057, Capitola, CA 95010. 


POWERFUL COMPUTER “Short- 
cuts", Learn Quickly, How to Use 
FREE Details: 
COMPUTER FACT BOOK, 5580 LaJolla 
Blvd. ES472, LaJolla, CA 92037. 


EARN SIX FIGURES WITH YOUR PC. 
Detailed Plans $20.00 Refundable. Verti- 
cal Software Network. 3890 West Commer- 


cial Boulevard, 2nd Floor, Fort 
Lauderdale, FL 33309. | 
COMPUTER CATALOG, ALL ACCES- 


SORIES. Switch Boxes, Cables, Ribbons, 
Modems, Power Supplies, Etc. $5.00. Visa 
and Master Charge Accepted. Computer 
Wholesale Supplies, Inc., 11722 Charles 
Street, Houston, Texas 77041. (713) 466- 
9300, 


WATER PURIFICATION 


DRINK PUREST WATER! Home Distill- 
ers. Discount Prices! 800-874-9028. 
WATERWISE, Box 45981, Center Hill, FL 
33514-0459. 


GOOD EATING 


DELICIOUS Watkins Recipes. $1.00. 
ALLMON, 705 Meadowview Lane, Mukwo- 
nago, WI 53149. 


PERFECTION every time with easy pie 
crust $5.00. Perfect Pastry, 9050 Goshen 
Rd., Fort Wayne, IN 46818. 


CHEF'S MENU SYSTEM Seasonal, Hol- 
iday, Ethnic menus, recipes, kitchen hints 
monthly newsletter. Sample $1.00, SASE. 
LP&H Publishing, Box 21717, St. Peters- 
burg, Fl 33742. 


WINEMAKING 


WINEMAKERS—BEERMAKERS Free 
Catalog. Fast Service. Large Selection. 
Kraus. Box 7850-N Independence, MO 
64053. 


WINEMAKERS—Beermakers Free Cat- 
alog, Low Prices, Free Recipes. Cellar-5, 
Box 33525, Seattle, WA 98133. 


HOME BREWING 


BEERMAKERS! FREE comprehensive 
Catalog'Newsletter. Williams Box 2195- 
P7, San Leandro, CA 94577. 


OLD GOLD, JEWELRY WANTED 


HIGHEST CASH for Gold, Jewelry, Gold 
Teeth, Rings, Diamonds, Watches, Silver, 
Platinum. Mail Articles Today. Free gift 
with Information. Chicago Gold & Pre- 


cious Metals, 10 S. Wabash, Dept. 257, Chi- | 


cago, 60603. 


TAKE NO CHANCES. Deal with oldest, 
most reliable firm in old gold business. 
Established 1934. We buy Gold, Silver, 
Platinum, Diamonds. Highest Cash. Free 
information. Rose Industries, 29-Y East 


| Madison, Chicago 60602. 


TREASURE FINDERS/ 
METAL DETECTORS 


FIND old coins, dett gold nuggets. 
New Patented revolutionary device. Free 
catalog. Gardiner, 4729L N. 7th Ave., 
Phoenix, AZ 85013. 


Pay For Your Hobby! 


With White's NEW 
Professional Series 
Metal Detectors 


Call Toll Free: 
1-800-547-6911 


WHITE'S ELECTRONICS 
Dept. PB-6 Sweet Home, OR 97386 


TREASURE Finder Locates Buried 


| Gold, Silver, Coins, Treasures, Free Cata- 


log, Relco, RC10, Box 920839, Houston, TX 
T1292. 


BURIED TREASURE 


with Ultra Sensitive DIRECTIONAL Locator | 
SEND FOR 
FREE INFORMATIVE BROCHURE 


COINS & CURRENCY 


34 YEARS PENNY SAVINGS. Boxed 
2400, $200.00. Unique, Box 13, Slaton, ТХ 
19364. 


SPECIAL SERVICES 


INFORMATION On Anything. Ferguson 
Research Specialists. 60-15 Woodside Ave- 
nue, Woodside, NY 11377. 


MICRODOT identification custom made 
for you. Protect anything. Almost invisi- 
ble. Write for info. L Dot. Inc., РО. Box 
6738, Lake Charles, LA 70606. 


MOTION PICTURES 


HOME MOVIES, SLIDES, PHOTO- 
GRAPHS transferred to Video Tape! FREE 
Price List. PSVIDEO, 5715 N. Mozart, Chi- 
cago, IL 60659. 


PROFITABLE OCCUPATIONS 


HYDRAULIC JACK REPAIR MANUAL 
and catalog $5.00. Hydraulic Parts Supply, 
Box 4157, Brownsville, TX 78523-4157. 


REPAIR lawnmowers thousands of parts 
and tools wholesale list 50e. Ellwanger's 
PS., Р.О. Box V, Port Jervis, NY 12771. 


FREE. Brochures. Repair air condition- 
ing. Refrigeration. Tools, supplies, full 
instructions. Doolco, Inc., 11252 Good- 
night, Dallas, TX 75229. 


JEWELRY 


CLOSEOUT Jewelry. 55¢ dozen (Catalog 
.25¢). Roussels, 107-1635 Dow, Arlington, 
MA 02174-7199. 


HYPNOTISM 


FREE Hypnotism. Sleep Learning Publi- | 
cation DLP. Box 487, Anaheim. CA 92705. 


FREE Hypnotism, Self-Hypnosis, Sleep 
Learning Catalog! Drawer PS400. Rui- 
doso, NM 88345. 


HYPNOTIZE SUCCESSFULLY! Guar- 
anteed complete illustrated course $6.95. 
Dr. Fowler, Box 439, Woodbury, NJ 08096. 


FREE Hypnotism does help! Send for 
valuable information. Hypnosis, 28 Maple 
Street, Stoneham, MA 02180. 


DETE CTIVES 


PRIVATE INVESTIGATOR Home-study 
Саши Program. Free Information. 
Global, Box 191P5, Hanover, MA 02339. 
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Product information 


Booklets, catalogs, and folders listed below provide reliable informa- 
tion, illustrations, and specifications to help you in planning the pur- 
chase of a variety of products or services offered by these dependable 


1001 Air National Guard This full-color 
brochure explains how you can serve part time 
in the Air National Guard and receive a vari- 
ety of benefits such as free travel, technical 
training, added income, and retirement and 
life-insurance plans. Military education as well 
as opportunities for a college education are 
explored in the literature. Free 


1002 Hydroponic Gardening Aqua Culture 
introduces you to indoor gardening year-round 
with its hydroponic gardening and lighting sys- 
tem. Learn how to grow fresh flowers or vege- 
tables during winter in your home. Free 


1003 Outdoor Storage A 24-page color 
booklet from Arrow Group Industries gives tips 
on planning and purchasing storage buildings. 
The booklet includes photos of different Arrow 
models and ideas for creative usage. Free 


1004 Concrete and Masonry Repair A 
15-page booklet from W. R. Bonsal Co. de- 
tails its line of Sure-Fix concrete and masonry 
repair products. The booklet covers problem 
areas such as patching, resurfacing, anchor- 
ing, grouting, and sealing. Free 


1005 Precision Optics Celestron Interna- 
tional offers a 53-page full-color guide to 
choosing and using telescopes, spotting scopes, 
and binoculars. A specification chart is in- 
cluded, and books on general astronomy are 
listed for more knowledge. $3 


1006 Traffic Radar Information from Cin- 
cinnati Microwave explains the principles be- 
hind traffic radar, including limitations that 
can result in incorrect speed readings. De- 
tails on the Escort and Passport radar receiv- 
ers are included. Free 


1007 Automotive How-to А 76-page book 
from Custom Car Care Publications, Own- 
ing Your Own Custom Automobile Grooming 
& Detailing Business," explains how to start 
your own car-care facility. $8 


1008 Portable Soldering Iron — Eaglestone's 
brochure describes its butane-powered cord- 
less soldering iron for electronics, appliance 
repairs, model railroading, and other appli- 
cations. The iron comes with a case and 
2.4-mm tip. It averages 60 minutes on onere- 
fill from an ordinary butane cartridge. Free 


1009 Hobbyist Catalog Edmund Scien- 
tific's 60-page catalog contains more than 
1,200 products. Some of the products fea- 
tured are scientifically advanced telescopes, 
magnifiers, tools, gadgets, optics, weather in- 
struments, and robots. Free 


1010 Automobile Window Film This full- 
color brochure from Gila River Products de- 
scribes the new Optical Grade Window Film, 
which the company says performs like ''ex- 
pensive sunglasses." The easy-to-apply X-32 
film is distortion-free, and filters out ultravi- 
olet rays to prevent eye strain. Gila River Prod- 
ucts guarantees color stability for the life of 
the vehicle. Free 


1011 Tankless Water Heater HOT, Inc.'s 
brochure explains how the Aquavac 42 in- 
stantaneous gas water heater operates. There 
are color photos, specification charts, and 
flow-rate and efficiency tables to help evalu- 
ate the product. Free 


1012 Ноте Designs Ноте Planner of- 
fers a 112-page catalog with 125 contempo- 
rary home designs. Practical and economical 
plans for interiors and exteriors feature sloped 
ceilings, balconies, upper-level lounges, pas- 
sive solar glass, and more. Blueprints are 
available. $3.95 


1013 Car Мах in Colors  KolorKey's bro- 
chure describes the company's newly devel- 
oped colored car wax. Made with pure carnauba, 
the wax enhances color without leaving swirl 
marks, white residue, or powder. It helps re- 
store original beauty to cars and comes in 10 
colors. Free. 


1014 Garden Accessories Тһе 1987 Lawn- 
Boy line is detailed in this six-page color cat- 
alog. The line includes self-propelled mow- 
ers, push mowers, gas trimmers, a new blower 
attachment and thatch remover, and other 
lawn and garden accessories. Free 


1015 Custom Cedar Homes Lindal Cedar 
Homes's 200-page plan book contains over 
250 color photos of custom-built cedar homes 
and a unique planning grid that you can use 
to draw your own custom home. $10 


1016 Fuel System Protection Sherman 
Engineering Laboratory's brochure highlights 
the detrimental effects of stale gasoline on 
vehicles and power equipment, and explains 
how the addition of Fuel Fresh can prevent 
gum, varnish, and corrosion formation. Free 


1017 South Carolina Vacation Guide А 
64-page full-color catalog from the South Car- 
olina Division of Tourism features the state's 
historic cities, uncrowded beaches, world- 
famous gardens, blue lakes, green mountains, 
and graceful plantations— plus great dining 
spots and shopping locations. Free 


1018 Electric Starters Specialty Design 
illustrates in its color brochure a variety of 
Starting devices that can be added to your 
power equipment for quick, effortless start- 
ing. New models, including the Spin Start 
system, are described with application data. 
$1 


1019 Understanding Radon Теггадех 
Corp.'s 16-page booklet answers the most fre- 
quently asked questions about naturaily oc- 
curring radioactive radon gas, which, it is 
estimated, is responsible for as many as 
15,000 cancer deaths each year. Free 


1020 Hot Spring Spas The new 18-page 
"Guide to a Better-Built Spa" from Watkins 
Manufacturing Corp. introduces five models, 
all portable, self-contained, and fully insu- 
lated for maximum energy efficiency. $2 


companies. The convenient order form will save you time and post- 
age. Orders will not be processed unless accompanied by the $1 
handling fee. For your safety, please do not send cash. 


pun m ILL IN COUPON AND MAIL TODAY a EE 


POPULAR SCIENCE P.O. Box 322, Dalton, Mass. 01226 


Note: PoPuLAR SciENCE Massachusetts address is for Product Information only. 


Please send the items checked below. | am enclosing $1 handling charge (any 
number of items per coupon) plus amount required for priced items. Orders will not 
be processed unless accompanied by the $1 handling fee. Do not send cash. 


THIS COUPON EXPIRES DECEMBER 31, 1987 


| AM ENCLOSING 


0 1001 O 1005 $3 tj 1009 0 1013 01017 $__________for priced items 

O 1002 [] 1006 [] 1010 0 1014 O 1018 $1 1.00 for Б 

о 1003 o 1007 $8 [] 1011 111015 $10 O 1019 x осип 

(3 1004 [] 1008 111012 $3.95 (11016 [] 1020 $2 $ TOTAL REMITTANCE 
Name (please print) — : и 
Address _ City & State Zip 


Please send check or money order made out to POPULAR SCIENCE. 
No stamps or foreign currency. Allow approximately six weeks’ delivery. 
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EASY TO USE 
keenest NOT ELECTRONIC 
BEWARE OF IMITATIONS! Our Pat. #3498266 Protects You. 


REHABILITATE DOGS: "m Бий. Shock-Shy . Gun-Shy 


• Housesolings Digging — s» Come-at all limes! — 


* Jumping — * Gun Shy „Si = 
* Chewing — * Breaking Point * Heel = Self Control 
a Barking * Over Ranging è Slay а Guard 
* Biti * Busting Birds ls жел * Fetch 
For: Р Dogs = Hunting Dogs * Stock Dogs = Show Dogs 
ON TV with: 


Barbers Walters, Carson, Dick Cavett, Art 

Linkbetter, Lil Griffin ARTI 8: SPORTS AFIELD, 
D, TIME MAGAZINE, TV GUIDE, HUNTING 
DOG, WALL [STREET JOURNAL and others worldwide. 
A science engineering breakthrough! A set of unique 
dog-saund makers tha! condition dogs incredibly 
fast. Small. Used from the palm of the hand. Near 
hypnotic control, even at а distance. No leash 
needed. Novices become experts. This new 
discovery is a learning-sound catalyst (ha! teaches 
direct to the dog's mind. Renders bodily paintraining 
obsolete. Safer. Kind. Yet. more powerful! Dogs 
simply don't fight it. Tunes dogs in, makes them want 
to please you. Unequaied loyalty-bonding. Same 
instruments and system (the Dr. Millar patents) 
ispensed si veterinarians for dog behavior. Now, 
housands of satisfied users in U.S. & foreign lands. 


to $175 FREE catalog‏ $25 س 
rDOG-M ASTER SYSTEMS‏ 


ilshire, Box 250, Agoura Hills, CA 91301 


A Dwision of Enyironmenial Research Labs. Copynght ¢ 1986 


LOANS BY MAIL 


IMMEDIATE Loans to deserving individ- 
uals refused elsewhere. Many plans 
included. Try us! Associates, Box 98-P3, 
f Brooklyn, NY 11235. 


BORROW $40,000 “overnight.” Апу 


urpose! Free Report. Success Research, 
Box 19739-FX, Indi: 


anapolis, IN 46219. 
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| WHEN BANKS STOP... n. T 


| Stes) 
«NO CREDIT CHECK, ~~~; 
+ 


COLLATERAL, .. CO-SIGNERS. 7. 


WAITE TODAY FOR FREE DETAILS! 


1107 CRAWFORD RD. DEPT PS 
E BOG starceviite nc 2967 


$500-$430,000!  "Over- 
night" On Signature. Keep indefinitely! 
Sn N, Box 5499, Diamond Bar, CA 


NEED MONEY? Cash, Loans, Govern- 
ment Grants. 99% eligible-no investiga- 
tion. Creditpro, Box 400-FNM, Jamesport, 
New York 11947, 


MONEY Problems? Government loans 
cash 99% eligible, Confidential, No one 
refused. Quick reply. Creditbanc, Box 
рын, Parkside Sta., Forest Hill, NY 
11375. 


BORROW $100-$100,000! Instant 
‚ Reply! Rush Stam mpa Addressed Бихар. 
Marigold, Box 2030-PS, Richardson, 


BORROW any amount/purpose' Quick, 
confidential! Enclose ‘sase Sunrise, Box 
42Р, Bethpage, NY 11714-0042. 


$100,000 line credit without investiga- 
tion! Private Swiss bank account! Other 
financial benefits! Free valuable report! 
NACC-PS10, Box 5399, Torrance, CA 
. 90503. 


BORROW  3$500—$100,000 No Опе 
Refused. Free PP National, PO. 
Box 85PS, Mouth of Wilson, VÀ 24363. 


GET A VISA CARD! 
Over 97% are issued credit by mail Nation 
Wide, no cosigners needed! Even if have 


BAD or NO CREDIT history—BANKRUPTCY 
—LOW INCOME —Student—Retired— etc. 


NEW $14.99 report lists 29 special VISA and 
"| MASTERCARD banks that will give you credit! 
100% MONEY BACK if you are rejected. | 
Mr. RICHARD T. HOGAN 
Р.О. Box 785, Dept. P10 
E. Syracuse, NY 13057 


INTRODUCING SECURECARD! Liet 
MasterCard and Visa and earn 8% on your 
savings and pay only 12% APR! Call today 
for free details 1-800-782-3669. 


VISA! MASTERCARD! Regardless of 
Credit Experience! Apply Toll-Free, 24 
Hours: 1-800-227-8472. Ext. 26. 


ARAB BUSINESSMEN have money to 
buy/invest. Top finder’s fees paid. IMEA, 
Box 3574, Newport Beach, CA 92663. 


FREE MONEY! $300,000,000 Giveaway. 
Grants, Never repay. Rush 22e stamp. 
Jakla, Box 3066-PS107, Seminole, F 
34642. 


EMPLOYMENT INFORMATION 


JOBS, Cruiseships, Tugs, Ships, River- 
boats, Oilrigs: Women-Men. Work month- 
Home month. USA + Overseas. Informa- 
tion $3.00 Marine Employment, Box 223, 
Central, IN 47110. 


GOVERNMENT JOBS 516040 - 
$59,230/vr. Now Hiring. Call 805-687- 
6000 Ext. R-20025 for current federal list. 


GOVERNMENT JOBS-— Thousands of 
vacancies must be filled immediately. 
$17,634 to $50,112. Call 216-453-3000, 
Ext. J8060. 


SUCCEED in Business! Write: “Kelso” 
for free catalogue of self-improvement 
books. 124 Sherry, Norman, OK 73069. 


EDUCATION & INSTRUCTION 


FREE Lifetime. Ordination. Become 
Chaplain, Missionary Evangelist, Bishop. 
Box 744-PS, McKeesport, PA 15134. 


SUPER-INTELLIGENCE! Amazing 
results guaranteed! EDEPS, Box 1462, 
Glendora, CA 91740. 


LEARN WHILE ASLEEP! Astonishing | 


New Method! Strange Catalog Free! Auto- 
suggestion, Box 24-A, Olympia, WA 98507, 


UNIVERSITY DEGREES WITHOUT 


MARINA DEL REY, CA 90295. 


SUPERLEARNIMG! Triple learning 
speed through music! Develop Supermem- 
ory; control stress. Free— book excerpt & 
catalog. Superlearning, 450-PS10 Seventh 
Avenue, N. Y.C. 10123. 


Be a Paralegal, Accredited Attorney 
Instruction. Home Study. FREE CATALOG. 
Southern Career Institute, Drawer 107PS, 
2158, Boca Raton, FL 33427. (305) 368- 
2522. 

WORLD WIDE COLLEGE OF AUC- 
TIONEERING, INC. Since 1933. Term 
Soon. Free Catalog COL. Gordon E. Taylor, 
Box 949, Dept. 3 Mason City, LA 50401. 515/ 
423-5242. 


PARALEGAL GRADED CURRICULUM. 
Approved in-depth training by correspon- 
om BLACKSTONE SCHOOL OF LAW: 

So rare of legal training. Write for free 
oats og. Р.О. Box 790906, Dept. PS, Dallas, 
TX 75379. 


HIGH SCHOOL at home, diploma 
awarded. Low monthly payments. No 
classes, information free. Phone free 1-800- 
228-5600, or write: American School, Dept 
#347, 850 E. 58th St., Chicago, IL 60637. 


SAVING MONEY, Manage it well and 
Get what vou want. Booklet tells how. Send 
$3.00 Now. Getting Ahead Enterprises, 
РО. Box 1520, Black Canyon City, AZ 
85324. 


EARM MORE IN 90 DAYS. Free 1987 
catalogue describes 200 success proven cor- 
respondence Diploma courses. Granton 
Institute, 263B Adelaide Street West, 
Toronto,Canada. 


BECOME A PROFESSIONAL REAL 
ESTATE APPRAISER. Correspondence or 
classroom in Atlanta, Los Angeles, Earn 
Certification. FREE INFORMATION 
National College of Appraisal. 1-800- 223. 
4542. 


EDUCATIONAL Consortium Offers 
Courses To Degree Level Business and 
Medical Subjects. Consortium Includes 
Sussex College Of Technology & Bran- 
tridge Forest School. Prospectus Airmailed 
2 Dollars. Life Experience Accepted. Secre- 
tary SCT/C. Highfield, Danehill, Sussex 
England, RH17 TEX. Telex 95246, Fax 
0825-790097. 


FREE COLLEGE TAPE External Degree 
Programs Business Administration, Fub- 
lic Administration, LAW (Qualify Bar 
Admission) Fully Accredited, Financial 
Aid, (800) 847-0005 (314) 426-0653. La 
Salle University, 3628 Saint Gregory, 
Saint Louis, Missouri 63074. 


COLLEGIATE research catalog. 306 
poges 278 papers available. Rush 


2.00. Research, 11322 Idaho #206KT, Los 


Angeles 90025. 213-477-8226. 


SCORE HIGHER ON YOUR SAT. Send 
sase for information on self-help course. 
CFIS, 116 Gerami Dr, Patterson, LA 
70392. 


MOONSHINE historical and Instruc- 
tional text with Illustrations send $5.00 to: 
Polygon-PS, 64 Arnold Ave., W. Babylon, 
NY 11704. 


GENIUS 1-2-31 New Brainbuilding 
Method! Free information. Advance 
Learning Institute, Drawer 12810-LAB1, 
Jackson, MS 39238. 


LOCKSMITHING: Free book. Locksmi- 
thing Institute, Dept. 311-107, Little Falls, 
NJ 07424, 


HOW to get University Degrees from 
home—KENSAM, Box 1383-PS, Far Rock- 
away, New York 11691. 


MAILING LISTS 


FREE Mailing List Consultation. 
Details. GOC-43U, Box 1107, Stuart, FL 
33494. (305) 334-5205. 1-800-554-5478. 


HOT list —many categories. Credit card 
orders  1-800-843-0755/(515) 232-6789. 
List, Box 1033. Ames, [A 50010. 


NEW ACTIVE NAMES!! 
RANDOM STATES Available! IMMEDI- 
ATE SHIPMENT! Adhesive Labels— 
Guaranteed Opportunity Seekers 500/ 
$25; 1000/$40. Others. Advon, Drawer Вб, 
Shelley, ID 83274. Visa/MC/ AmEx. 1-800- 
992-3866. 


NAMES! FRESH, HOTLINE, DELIVER- 
ABLE LABELS! GUARANTEED! QUAL- 
ITY PRICES! 1-(BOO) 992-9405. 


HIGH QUALITY Mailing Lists, guaran- 
teed deliverable. Send for FREE details, 
Marshall Gilbert Co., PO. Box 12925, 
Seattle, WA 98111. 


FREE Sample Of Mailing Lists That Get 
Results! McCann, 32 Maine, Carteret, NJ 
ÜTOU8. 


HOT Mailing Lists, GUARANTEED 
Deliverable. Send for FREE details. P.J. 
Jorgensen, 20628-B S.W. Castle Dr., Aloha, 
OR 97007. 


SUPER RESPONSIVE  HOT-LINE 
MAILING LISTS, 30 days old only. DIS- 
COUNT pricses: 200-315, 500-$25, 1000- 
$40, 2000-370, 5000-3150. Reymer Associ- 
ates, Box 412-C, New Haven, CT 06513. 


LABELS! 
200/$4.50; 500/$8. 50; 1000/$12.50. D-CO, 
Box 526-Р5, Griffith, IN 46319. 


REMAILING SERVICES 


CONFIDENTIAL Mail 
warding. Mail Drop, Box 
Orlando, FL 32860 


STAMP COLLECTING 


PENNY Stamp Approvals. Regardless 
Catalog. C. Kloster, 4164 52nd St. San 
Diego, CA 92105. 


FREE! Surprise Collection With Approv- 
als. Jay, Box 750128, Petaluma, CA 94975. 


FREE US Mint Packet With Approvals. 
Carlsons, Rt2 Box 112, Annandale, MN 
55302. 


FREE, U.S. Mint Set. Approvals. Hilde- 
brand, Box 4867, Santa Clara, CA 95054. 


us. 200 different commemoratives 
$1.00! Appravale, Gordon Davison, Contoo- 
cook, NH 03229, 


1000 STAMPS $2.95 - Guaranteed 
Worth Over $30 at Standard Catalo 
Prices! Money Back If Not Delighted 
Approvals, Kenmore OT-107, Milford, NH 
03055. 


Receiving For- 
18039F5, 


DISCOUNT STAMPS Request Coun- 
tries, Free List. Iva Stamp Company, P.O. 
Box 197, Hanford, CA 93232. 


50 MINT British Colonies Request 
Approval. Mid-Atlantic Stamp, Box 476P, 
Edgewater, MD 21037. 


FREE Worldwide Packet. Penny Approv- 
als. Froehlich, Box 177DB, Pine River, WI 
54965. 


MONEYMAKING 
OPPORTUNITIES 


GET RICH! Secret law smashes debts— 
brings cash credit! FREE report!! Wealth- 
Rit-5, Box 4036, Pompano, FL 33063. 


RECOVER FINE GOLD [rom most river 
wash gravels with unique self made inex- 
pensive device. This is not a Sluice Box or 
a Jig and no moving parts. For hand min- 
ing or large production. Plan $25.00 Min- 
eral Research, Box 319, Atlin BC VOW 
1A0 Canada. 


HIGH Profits T-Shirts and Caps. Inex- 
pensive, professional transfer machines, 
supplies. Press Magic, РО. Box 22809- 
LLD, Tampa, FL 33623. 


CREDIT Cards. Report tells how to get 
them. Easy steps. Also how to get good 
credit, Ease debts. Simple to do. Send $4.00 
To: Report, Box 5242, Lake Charles, LA 
70606. 


FREE CREDIY CARDS! New! Pating 
Report! Guaranteed! $10. Boswellco, 692 
Geyser, Reseda, CA 91335-4031. 


BUAN YOUR MORTGAGE SOONER. 
Send your mortgage terms, amount, inter- 
est rate and length for complete printout of 
mortgage schedule and free money-saving 
tips and information. Send $6.00 to: E. Val 
Group, PO. Box 512, Woodmere, New 
York, NY 11598. NYS residents add 8% 
tax. 


MAKE Money At Home TODAY. Box 
13103 Dinkvtown Minneapolis, MN 
55414. 


How Do You Know 
When Your Numbers Up? 


The number we're talking. 
about is your cholesterol num- 
ber. If it's high, you may be at | 


risk for a heart attack. Without - 
even knowing it. 
50 find out where you 


stand. Because there are ways 
to lower high blood cholesterol 
and reduce your nsk. 

Know your number. Have · 


your blood choles- 
terol level checked. (ep 


National Cholesterol 
Education Program. 


National Heart, Lung and Blood Institute. 
National Institutes of Health, Public Health Service 
U.S. Department of Health and Human Services. 
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DODGE RAM PICKUPS 


IF YOU'RE LOOKING FOR THE ONLY FULL- BIG TONS OF TOWING CAPACITY, V-6 AND. 


SIZED PICKUPS IN TOWN THAT GIVE YOU V-8 POWER WITH NEW STANDARD ELEC- | 
COMBINATIONS OF UP TO TWO-PLUS TRONIC FUEL INJECTION, PLUS THE FLAT | 
TONS OF PAYLOAD ABILITY, UP TO FOUR OUT BEST TRUCK PROTECTION PLAN ON 


d. ' 
d E ECS i noa 


A 1: j TE 
i) e | ( v l | 
SUN T 
NE — 
П, : ү ' И a 
ЖЛ ! р 
P |, i 
\ | ) [ Yid 
Ld j {г Ai 
| 
| =”) 
ЫМ | 
iB 
75 ж 
Wt | 
| { | y 
| ano. 
|| 
. JE 
| А 
M \ 


ш m Eowetraln & 7/100 outer body аА limited warranty at dealer. 
ees ad ere Şome features & engines not available on all models. 


THE STREET," THEN THERE'S JUST NO a oe IT'$ 


DOUBT ABOUT IT, WORK OR PLAY, DOWN- wd GOTTA BE A 
TOWN OR DOWN 'N DIRTY...ITS СОТТА {у DODGE. 
ај Ё. 


ВЕ A DODGE RAM PICKUP. IM ZO) — pivisioN OF CHRYSLER MOTORS 


СФЕ 
— , 


oS re ЦЕ 


What a difference a couple 
of bright ideas can make. 


Now, in almost no light at all, you can take extraordinary 
photographs without accessories. 

Because only the new Pentax SF1 has a built-in superfocus 
spotbeam and TTL flash. The unique combination necessary for low 
A situations and one that can make a brilliant difference in all your | 
р grape. Ў 

And to allow your creativity to shine, the SF1 gives you а choice = 
of nine different modes for exposure along with one of the few auto- | 
focusing systems compatible with existing lenses. 

See what a couple of bright ideas can do for your photography 
PENTAX by asking your Pentax dealer to show you the 

zm light. The light of the unique built-in superfocus 
SF JL spotbeam and TTL flash of the new Pentax SF1. 


Pentax offers an extended warranty for the SF1. For details, see your dealer. € 1987 Pentax Corp. 
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